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The C-E Unit shown above is presently under construction at the 
Vermilion Station of the Illinois Power Company near Danville, 
Illinois. A second similar unit of larger capacity is scheduled for 
later delivery 

Unit No. | is designed to serve a 75,000 kw turbine-generator op- 
erating at a throttle pressure of 1450 psi with a primary steam 
temperature of 1005 F, reheated to 1005 F. 

rhe unit is of the controlled-circulation, radiant, reheat type with 
the reheater section located between the secondary and primary 
superheater surfaces. An economizer section follows the rear super 


COMBUST iON heater surface and tubular type air heaters are located below the 


economizer. 


ENGI ad E a te : NG £ 4 NC ft Pulverized coal firing is employed, using bow! mills and tilting, 
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1248 Operating Cycles 


Through 24 Years 


Prove Quality Valve Buying 


..- for main steam service, for instance 


The Installation 


At the Champion-International Paper 


Mill, 


Lawrence, 


Mass., 


featuring Crane 


400-pound steel gate valve in main steam 


line to turbine. 


Working pressure: 400 


psi at 600 deg. F. 





Valve Service Ratings 


SUITABILITY: Never a question 


FEATURES: Quality throughout 


MAINTENANCE COST: Not a cent 


SERVICE LIFE: 24 yr 


still in line 


OPERATING RESULT: Lower power costs 


AVAILABILITY: Regular Crane Catalog item 


The Valve 


Improved constantly through the years, 


Crane steel valves for elevated pres- 


sures and temperatures are 


and 


standing, 


respected 


known 


everywhere for out- 


low-cost performance. 


They’re made in the widest range of 


body and trim materials 


sure classes and sizes 


flanged, 


or welding ends 


in all pres- 
with screwed, 


See your 


Crane Catalog, or consult your Crane 


Representative. 





THE BETTER QUALITY. . 


CRANE VALVES 


CRANE CO., Chicago 5, Illinois 


Branches and Wholesalers Serving All Industrial Areas 


VALVES 


2 


. BIGGER VALUE LINE... 


General Offices: 846 8. Michigan Ave., 


* FITTINGS + PIPE 


IN BRASS, IRON, STEEL 


The Case History 


Installed in 1930, this Crane valve has been in 
continuous use ever since. In 24 years the valve 
has not required service or maintenance of any 
kind. 


More significant is the quality of performance of 
this 8-in. steel gate valve. Operated for week-end 
shutdown of the turbine, it has never failed to re- 
spond to the handwheel with smooth, steady 
action. Both seating and stem seal remain as 
tight as when the valve was first installed. 


Performance like this begins in just one way— 
by making quality the first consideration when 
buying valves. Today, such a buying policy is 
sounder than ever and Crane quality, more than 
ever, helps assure the best results at lowest 
ultimate cost. 


for 
the 


= ih 2 
ey THRIFTY 
BUYER 


HEATING 
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Four type H-10 Sterling B & W Boilers with steam 
capacity of 7,500 Ibs. per hour, P-D Collectors 
ore mounted behind boilers with the P-D Fan 
Stacks directly above. 


General view of plant from 
garden-like pork surroundings 
Note 4 P-.D short Fan Stacks 


---kept free from flyash with P-D Dust Collectors 


A model power plant, set in a garden, was real sulting from oil-firing. P-D Fan Stacks insured ad- 
ized by Cerveceria Modelo, S.A., Cotorro, Cuba equate, constant draft through boiler and col 


This company, a part of the Bacardi interests lectors. Capacity of these collectors at 580°F. is 
determined to maintain a garden-like atmos- : ik ; 
; ' be ol = 4860 CFM at 1.75 in WG resistance. 
phere surrounding the plant. 
Your plant can enjoy garden-like surround 
Although boilers are completely automatic P 


Prat-Daniel design 6HC horizontal Dust Collec 


tors were installed to collect flue gas residue re Why not contact our project engineer today? 


ings, kept free of dust, with P-D Collectors 


Project Engineers 


THE THERMIX CORPORATION 


GREENWICH, CONN, 
(Offices in 38 Prinicpal Cities) 


Designers and Manufacturers Canadian Affiliates: T. C. CHOWN, LTD., Montreal 25, Quebec; Toronto 5, Ontario POC 154.) 


PRAT-DANIEL CORPORATION 


SOUTH NORWALK, CONN, 
POWER DIVISION: Tubular Dust Collectors, Forced Draft Fans, Air Preheaters, induced Draft Fans, Fan Stacks 
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STANDARD 


The standard YARWAY 
Impulse Steam Trap serves all 
normal trapping requirements. 
Factory set to operate without 
adjustment at all pressures 
from 20 psi to 400 psi (Series 60) 
and 600 psi (Series 120). 

For pressures below 20 psi, 
merely remove split washer. 


Numerous advantages like: 
small size 
quick heating 
steady temperatures 
stainless steel construction 
one moving part 
non-freezing 
low cost 


More than 900,000 used 
throughout industry. 


Write for YARWAY 
Bulletin T-1740. 





impulse 


HIGH PRESSURE, 


YARWAY Integral Strainer 
High Pressure Impulse Steam 
Traps operate on some of the 
highest pressure steam lines 

in the country. Same operating 
principle as the standard 
YARWAY Impulse Trap. 
Strainer built into trap. 


for you ? INTEGRAL STRAINER 


Ample capacity when system 
is being ‘““‘warmed up’’—yet will 
handle relatively small 
amounts of high temperature 
condensate without losing 
prime. Six sizes— 14"’ to 2”. 
Pressures to 1500 psi 

(flanged ends) or 2500 psi 
(welding ends). 


Write for YARWAY 
Bulletin T-1740. 


YARNALL-WARING COMPANY 
100 Mermaid Avenue, Philadelphia 18, Pa. 


impulse steam traps 


YARWAY Impalse Steam Traps and Fine Screen Strainers 
are stocked and sold by more than 250 convenient 
local distributors. Write for name of one nearest you. 
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Maintenance Men Know the Inside Story 


When maintenance men work with S-E-Co. Automatic Coal 
Scales, they know that they are working with equipment de- 
signed and built to give continuous service and which requires 


- an absolute minimum of attention. 
The unique design of the feeder frame, as 
shown below, provides an easy and quick means Maintenance men are well aware that the following time and 


Neg helt. Th he ' . 
of changing an endle +. This caw be dows trouble-saving features included in the S-E-Co. Coal Scale will 
without interrupting flow of coal to the boiler. 


mean better scale performance for your plant: 
1. Neoprene rubber feeder belt that is molded endless — of- 

fering maximum in long life expectancy. 
Rigid feeder frame, mounted on rollers, specifically de- 
signed for easy removal from scale body and quick changing 
of feeder belt (See photograph to left.) 
Electric counter with no linkage connections to get out of 
adjustment, cause errors, or need maintenance attention. 
Large hinged and latched, dust-tight doors which facilitate 
maintenance by providing easy access to any part of the scale. 
Electric circuits wired through terminal block, allowing 
easy check of any or all circuits at one point. 

Write for Coal Scale Bulletin No. 61 or for our local representa- 

tive to call and discuss the application of the S-E-Co. Coal Scale 

and related equipment to your particular plant problem. 


STOCK EQUIPMENT COMPANY 
745-C HANNA BUILDING CLEVELAND, OHIO 


Specialists in Bunker to Pulverizer 
and Bunker to Stoker Equipment 
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BAYER 
STEPS UP BOILER PERFORMANCE 


DISTINCTLY 
DIFFERENT 


Bayer Balanced Valves are 
Jamous for their long life 
and continued tightness 


WITH THE Bayer Balanced Valve Soot Cleaner 
the balancing chamber above the piston disc 
impounds steam when the valve closes, thus 
relieving valve parts from shock. The valves 
remain steam tight because the dashpot action 
causes the valve to seat gently. Unbalanced 
valves close with a hammer stroke and soon 
become leaky 


When stationary clements are used the 
Bayer stationary balanced valve head may be 
furnished. Thus all the cleaning elements of 
the entire soot cleaner system can be controlled 
by the Bayer quick-opening Balanced valves. 
This gives a uniform or standard valve con- 


Bayer Single Chain Balanced 
Valee Soot (leaner 


trolled system and in addition, when high pres- 
sures require a reduction in pressure at each 
individual element this Balanced valve unit, 
whether used with a stationary or a revolving 
element, can be fitted with an integral orifice 
plate valve. 


Piping connections can be kept in the same 
plane and undesirable bends or fittings avoided 
when the Bayer Balanced Valve is installed with 
both stationary and revolving elements. 


Valve parts are standard and interchange- 
able and when high pressure heads are fitted 
with orifice plate regulating valves these parts 
are also interchangeable. 


THE BAYER COMPANY 


SAINT LOUIS, MISSOURI, U.S.A. 
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LOUISIANA 
POWER & 


LIGHT COMPANY 


PERFORMANCE 


IS PROVED 
Ct SULCE 


PERFORMANCE RECORDSin power 
plants all over the country show 
low maintenance, high efficiency... 
that’s one reason Allis-Chalmers 
boiler feed pumps were chosen for 
the Nine Mile Point Station of 
Louisiana Power & Light Company. 
PROVED DESIGN FEATURES 


Behind the A-C boiler feed pump 
stand many proved design features. 


For example: First stage has twin, 
single suction impellers to give low 
NPSH requirements for highest 
efficiency under fluctuating loads. 
Impellers mounted back to back 
balance axial forces without the 
need for a balancing drum. Expan- 
sion joint and seals are brought to 
the outside of the pump. . . they 
may be inspected often and worked 
on easily, if required. 

COMPLETE UNIT FROM THE SOURCE 


Allis-‘Chalmers can supply the com- 
plete pumping unit — pump, motor 
and control — all of coordinated 
design and manufacture. You get 
one responsibility — one guarantee 
of satisfaction. 

Get complete information on 
Allis-Chalmers barrel-type boiler 
feed pumps. Call your Allis- 
Chalmers District Office or write 
Allis-Chalmers, Milwaukee 1, Wis., 
and ask for Bulletin 08B7899. 


A 49278 


S-CHALMERS «“ 
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WALWORTH 


IRON BODY WEDGE GATE VALVES 


—_— - 
tee OG Oe eager 
“=r 4 = 


Beller because ... The entire valve, from hand- 
wheel to seat rings, is ruggedly constructed to with- 
stand rough and frequent usage. Body, bonnet, and 
yoke are sturdy castings with large radius fillets. Di- 
mensions and drilling of end flanges are in agreement 
with American Cast Iron Flange Standards. Stiffening 
ribs connect end flanges with the body neck to main- 
tain a rigid connection with piping. 


A wide range of Walworth Iron Body Wedge Gate 

Valves is available—through your Walworth Dis- 

tributor—from which you can choose the right type Walworth No. 726F OS&Y (Outside Screw 
a os ae ae “4s , "= . and Yoke) Iron Body Wedge Gate Valve. 

to meet your most exacting conditions. Saddle-type Sane clin ce ee de dae 


valves as small as \, -inch; low pressure valves for where it is desirable that the line fluid does 
water and gas pipelines up to 36 inches, ig pe Ma boos ent wm nye 
Whenever you need valves and fittings, choose repacking. Sizes 2 to 30 inches. 
from complete lines—in a variety of metals —manu- 
factured by Walworth. For more information, see 
your Walworth Distributor or write: Walworth 
Company, General Offices, 60 East 42nd Street, WALWORTH. 
New York 17, N. Y. Menu/achives aaeniae 
valves .. . pipe fittings . . . pipe wrenches 


60 East 42nd Street, New York 17, N. Y. 
DISTRIBUTORS IN PRINCIPAL CENTERS THROUGHOUT THE WORLD 
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J-M Navalon gives more value 
because it outwears other high qual- 
ity packings in cold liquid service. 
Made by an exclusive process, it con- 
tains more lubricant to start with 
and retains more lubricant in serv- 
ice... resulting in less wear on 
equipment and longer packing life. 
Navalon has other unique features, 
too. It resists rot and mildew ... its 


strength actually increases when wet 


Why does this packing 
outwear others 
in cold liquid service 7 


) 


( Because J-M NAVALON 
> eontaine and retains 
more lubricant / 








---and NAVALON’” is 
made of Ramie, nature’s 
strongest fibre 


.. the result: fewer shutdowns for 
repacking. 

That’s why Navalon is widely 
used to seal against fresh or salt 
water, brine, cold oils... and many 
other cold liquids. It has an excellent 
record of service on pumps, eleva- 
tors, accumulators, reciprocating 
rods and plungers, stern tubes and 
rudder posts of ships. Available in 


full range of sizes, in styles 190 and 


245 for industrial use, style 175 for 
marine use 

Your J-M Packing Distributor 
carries complete stocks of J-M 
Navalon and other high quality 
Johns-Manville Packings. He can 
help youchoosethe right one for your 
application. Call him for complete 
information or address Johns- 
Manville, Box 60, N.Y. 16, N.Y. In 
Canada, 199 Bay St., Toronto 1, Ont. 


JM Johns-Manville PACKINGS & GASKETS 
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J 
PLENTY OF 


Danskammer Point Steam Station of Central Hudson Gas 
& Electric Corporation. Consulting Engineers: Burns & 


Roe, inc., New York City. Present capacity: 60,000 k.w 


Danskammer Point Steam Station 


When you combine all the ‘know how” and Engineers and top-quality Rex Coal Handling 





experience of Central Hudson Gas & Electric 
Corporation. ..of Consulting Engineers, Burns & 
Roe, In 
Engineers, plus the finest coal-handling equip- 


..of Chain Belt Company Conveying 


ment available, you can't help but get a coal 

handling system that's ‘tops’ in efficiency. 
That's the picture at Danskammer Point 

Station, and that can be your picture when you 


Equipment to your station-planning team. 

If you're planning a new station...an expan- 
sion or modernization program, why not take 
advantage of the specialized assistance offered 
by Chain Belt Conveying Engineers? For com- 
plete information, contact your nearest Rex Field 
Sales Engineer, or write direct to Chain Belt Com- 
pany, 4784 West Greenfield Ave., Milwaukee 1, 


add the specialized skills of Rex Conveying Wisconsin, 





crea N BE(> 


J 222. 


Teor’ t-) i > 


= 
Chain Ex «4 COMPANY OF MILWAUKEE 


Atlanta «© Baltimore « Birmingham « Boston « Buffalo « Chicago « Cincinnati « Cleveland « Dallas 
Denver « Detroit « Ei Paso « Houston « Indianapolis « Jacksonville « Kansas City « Los Angeles « Louisville 
Midland, Texas « Milwaukee « Minneapolis « New York « Philadelphio « Pittsburgh « Portland, Ore 
West Springfield, Mass. « St. Lovis « Salt Lake City « San Francisco « Seattle « Tulsa * Worcester 


hstributo ated 
EXPORT OFFICE 48% 





n principal citie the nited Scates and throughout the world 


W. Mitche Milwaukee 1, and 19 Rect treet, New York 
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FoR P w s 
gitumncor t 
efficie™ or 
pulvert® 


piumnovr € 
ona pality 
coking 


Always ready 


fo serve you... 


i& 


with a coal thats exactly right 


Name your choice—in “Bituminousland” along 
the Baltimore & Ohio, we have it! Here Nature 
has stored a supply of economical heat and 
energy sufficient to last for centuries 

B&O Bituminous coals exist in wide variety. 
The mines that produce them are thoroughly 
mechanized so that costs are kept low, size and 
quality uniform. Nearness to industrial centers 
results in low transportation costs, and the ease 


of storing removes the need for expensive facili- 


ties. Furthermore, new methods and equipment ~~ * 


have increased the burning value of Bituminous. 


An Ow 
a 


a 
remes i 


BITUMINOUS COALS 
FOR EVERY PURPOSE 
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1SK OUR MAN! Let him direct you to the 
best coal for your needs, and explain proper 
firing methods, You'll be more than pleased at 


the improved efficiency, economy, and cleanli- 
ness of B&O Bituminous. 















BALTIMORE & OHIO RAILROAD 


Constantly doing things—better ! 





TO 


EDUCE 


COPES-VULCAN OFFERS ALL THESE CONTROLS 


Combustion may be con- 
trolled from steam flow-air 
flow, or by fuel-air-ratio 
method. Instrumentation of 
the most modern design by 
Taylor assures fast re- 
sponse, accurate control 
and utmost dependability. 


Boiler Feed Water may be 
controlled from three, two 
or one influences. Feed 
water control systems may 
have 
Taylor (Type 3-L, Bulletin 
1013), or be electrically or 
mechanically operated. 


instrumentation by 


Pressure reducing valves 
to meet any need. Steam 
temperature control may 
be from three or two in- 
fluences, using burner or 
damper positioning, gas 
recirculation, direct water 
spray or heat exchanger. 


Full automatic-sequential 
control may be part of 
main panel or set up on 
separate panel. Individual 
push button control avail- 
able. For smaller boilers 
there are manually oper- 
ated units in several types. 
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STEAM COSTS 


a you plan to modernize your 
power facilities, check into the many advantages 
offered by Copes-Vulcan Boiler Control. 

From one dependable source, you can get 
modern combustion control with instrumenta- 
tion by Taylor, precise feed water control, 
accurate steam temperature control and auto- 
matic cleaning of heat-transfer surfaces. 

Remember, too, Copes-Vulcan assumes full 
responsibility for service wherever needed 
for the life of your installation. 

Ask Copes-Vulcan engineers for recommen- 
dations on how to reduce your steam costs. 
Write for Bulletin 1007-A. 


* 
C’V+7T -BBC 
cores -vutcan + Taylor BETTER BOILER CONTROL COPES-VULCAN DIVISION 


CONTINENTAL FOUNDRY & MACHINE COMPANY 
ERIE 4, PENNSYLVANIA 


WITH INSTRUMENTATION 


«Taylor 
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DIAMOND 
“MULTI-PORT”’ 
Bi-Color Gauge 


== 
“~ 
te . - 
FLANGES ELIMINATE MULTI-PORT 


; e 
SMALL END STEMS Advantages: 


ROUND AND STUFFING BOXES “Bi-Color” principle shows steam 
INDIVIDUAL red and water green 
PIECES OF MICA RETURN BEND Smoll round ports instead of long 
AND GLASS PROVIDES GREATER glass strips 
FLEXIBILITY 


FOR EXPANSION Hi-Lite” Illuminator for improved 


visibility 

Simplified high-pressure construction 
PORT PARTS 

REPLACED WITHOUT 


REMOVING GAUGE 
FROM BROILER 


Maximum thermal stability for 
rapid starting 


Easy, inexpensive maintenance .. . 
in place 


6: 
0A: 
Sat, 


Direct reading . . . basic reference 
gauge 


as 


a. 
el 


LO 
Lov 


“HI-LITE” 
ILLUMINATOR 


STEAM SHOWS RED 


> » , 
rat 


bal 
Sy, 


The “Multi-Port” gauge has been de- 
veloped over a four-year period and 
has been in continuous successful high 
pressure operation for more than 18 
months in several leading central station 
plants. For additional informa- 
tion, write for new Bulletin 1174 
. use the coupon below. 


at 


+3: 


Lon 
ras 


POI 
, > 


WELDED CONSTRUCTION 
- ASSURES 


a PERMANENT TIGHTNESS 6962 


. 
S 4 


DIAMOND POWER SPECIALTY CORP. ye 
LANCASTER, OHIO 


Please send me without obligation a copy of new 
Bulletin No. 1174 explaining the advantages of DIAMOND POWER SPECIALTY CORP 
the Diamond “MULTI-PORT” Bi-Color Gauge. LANCASTER OHIO . 


Diamond § = 
ERS pecialty Limited— Windsor, Ontario 


NAME 
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Goop dogs and accurate 


shooting provide a reward no less keen than the satisfaction 


to be had in a Mitchell installation of critical piping. 
Save time and money on your next high-pressure or high- 
temperature job by enlisting the start-to-finish service of 


this 55-year-old organization of specialists. 


W. K. MITCHELL & CO., INC. 


WESTPORT JOINT 2946 Ellsworth Street, PHILADELPHIA 46, PA. 


PIPING 


PIPING FABRICATORS AND CONTRACTORS 
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In modern high pressure steam generatin nlants, econom 
Le 4 oF y 


dependability and safety in “stop valve’ applications can 


be improved by proper selection of valves. Edward, long a sed or opened infr 
rec or automat perat 

pioneer in high pressure-temperature steam control, has a ( . - ‘ j MPACTOR Handwheel can pr 
discovered many “stop valve" facts. Here are a few of the 1@ to seat ¢ in ve 10 psi under the disk 
more important } >mpera “ , enerating plants, pressure 

d are ray : the cumbersome, heavil 
. ] c j f s. Here are sever speciall desirable features 
CTION POINTERS . . . thot reduce installation costs on: v 


of 


SELE 


se perat , off y 


incr 
t positive 

Edward steel globe 

stallation posit 
and installot« ns 
smatier piping and v 2s iving space, weight and 
’ i pressure-seal constructior , »ves streamlining which 
sate 
4 dept wear-inducing turbulence 
the advantag i has built PRESSURE-SEAL valves r ten years and its « 
research has developed nr ny new features that reduce mainter 


improve sealing qualities.) 


Saar SOSe CEES Sane Se ae eam Vere Suteae ASME BOILER CODE REQUIREMENTS . . . texcerpis) 


} ) 


boiler feed! 


depe oil f main steam line hydrostat that control high-pressure stop valves 


P.301 


= For new | ™s, ‘ ity of vorves % @ sigF can Each steam discharge putlet, except safety-va ». reheoter inieft and out 
comsideratior oreates! care in erection, damage let, or superheater inlet connections, shall » fitted with a stop valve 
seating surfaces me ? y first months of operatior electior located at an accessible point in the steam-delivery line and as near to 


) asil < v pd t (E« « a ang 

of easily repaired e costs. (Edward globe and angle the boiler nozzle as convenient and practicable. In the case of a single 
, ' » rel e< y it : 

valve seats can be relapped quickly and easily.) boiler and prime mover installation, the stop valve required by the Code 

é Pressure drop is important selecting stop valves. Turbulence may be omitted provided the prime mover throttle valve is equipped with 


tends to increase wear. (Edward globe ond angle valves with their an indicator to show whether the valve is open or closed and is suitable to 





cr 91OP VALVES 





test of the boiler P.317 
A stop valve is wired th nutlet of a reheater or separately (a) The feed pipe shall be provided with a check valve near the boiler 
fired superheater ind a valve or ck between the check valve and the boiler, and 
P-302 when two or more boilers are fed from a common source, there shall 
F lobe or regulating alve « the branch 1 ach oile 
Ml Stop valves ’ ttings bet them and the boiler shall be also be a globe puraiing v 4 yranch to each boiler 
, between the check valve and the source of supply. Wherever globe 
sual at least + > re ren f the American Standards given in j 4 f { th let shall t 4 th tisk of 
, ¥ ‘ valves ore used or eec xi ping @ inlet sha e under ve disk o 
ibles A-6, A-7, A-8, a 9 the moximum allowable working , diciiies ot , , 
the valve 
pressure or d the ter } ew ‘ e and material used. 
t When the supply line to a boiler is divided so as to feed a drum 
he neores am st e ’ ‘ he ile r ‘ . ate 
T eares! steam + at ’ s to the boiler drum or superheater more than one place or to feed more than one drum it is recom- 
inlet shall . Ive a pres equal to the minimum set pressure ided that each such branch line be equipped with a stop and a 
safety valve ‘ ‘ n « he « ondir at 
of any safety valve 1 of the responding saturated ve even though the common source is equipped as required 
steam temperature 
The nearest stop valve fy v he superheater outlet shall have a s equipped with duplicate feed arrangements, e« such 
pressure rating at leas ! > mi num set pressure of any s ifety yement shall be equipped as required by the rule 
sive « the s erhe or ¢ j . e ecte< erheat tear er 
var on ‘ pe . xpected superheater steam ten nbination stop and-check valve in which there is or ly one seat 


perature; or at leas 35 per cent of the | est set pressure of 
F - 4 west Ser pressy and disk, and a valve stem is provided to close the valve when the 


‘ safet | er <« t th ect stear ter 2 ture 
a safe valve ) j ; ne expected steam te erature 
} A y - P d ‘ P stem is screwed down, shall be considered only as a stop valve, and 
‘ the superheater « : wt > s greater 
. vF : a check valve shall be installed as otherwise provided 
P-303 


When boilers ore « ne steam main, the steam cor 
from each boiler hav 


Where an economizer or other feedwater-heating device is con- 
nected directly to the boiler without intervening v.!ives, the feed 

pan ‘ ning shall be fitted with two st« valves and check valves required shall be placed on the inlet of the 

valves having an ample irain between them. The discharge e »mizer or feedwater-heating device 

. os Cram man oe shine 7 perator while manipulating the valve *Only a few of the most important stop valves are highlighted in this 

The stop valves shall cons re y of one automatic non-return valve 


ustrat 
set next to the boiler) a 3 i valve of the outside-screw-and yoke WUSITENOR. 
type; or, two valves of the fe rew-and-yoke type shall be used. 


P-304 


When a stop valve is s ed tt water can accumulate, ample drams 

shall be provided. A d ‘ luding pipe, fittings, and valves, 

shall comply with the Pau ts for steam piping or water piping nc. 

according to the service. 9 
Subsidiary of ROCKWELL MANUFACTURING COMPAN 


20 W. 144th St. Another Product 
EAST CHICAGO, INDIANA @) 





ow a FAN ROTOR Delivers 
CHEAPER POWER 











... in “Buffalo” Induced Draft Fans 


Inside the Buffalo” Induced Draft the “Buffalo” rotor is built to “take-it center plat And all other parts of 


Fan is a hurricane a hurricane of for a long period. Heavy gauge steel the fan housing, shaft and bearings 


hot, erosive fly-ash being drawn from used throughout backward curved are built to ZO the distance” for 


the boiler fire-bed by a rotor like the blades for extra stiffness and efficiency you, which naturally means cheaper 
one above We don't have to cell tapered side flanges 
floor plate wearing strips that’s in every “Buffalo” Fan. You'll 


Buleltin 4750. Write 


cut from a power. It’s all part of the “Q” Factor 


you how quickly this could literally solid plate 
destroy an ordinary rotor nor how with angular ridges to reduce erosion see full details is 


expensive replacement would be. Yet heavy hub solidly bolted to the for your free copy today 


The “Q” Factor The built-in Quality which provides 


trouble-free satisfaction and long life 


BUFFALO FORGE COMPANY 
170 MORTIMER S1 BUFFALO, N. Y. 


Publishers of Fan Engineering Handbook 


Canadian Blower & Forg: Led tchener, Ont 


Sales Representatives in all Principal Cities 


VENTILATING AIR CLEANING AIR TEMPERING INDUCED DRAFT EXHAUSTING FORCED DRAFT COOLING HEATING PRESSURE BLOWING 
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; Tuis “desert” was formed under water —im- 

Vt ~, , properly treated boiler water. It represents 

f~ 72 needless waste in several ways... Boiler down 
a 


time... Overheated drum and rivet metal... 


Loss of heat transfer efficiency... Sluggish response to load 
changes. 

Since the scale was removed, The Nalco System has kept the 
boiler clean-to-metal and corrosion-free continuously — and 
economically. Where conditions require uninterrupted boiler 
operation, The Nalco System can also be utilized to remove old 
scale, as well as prevent new deposits. Either way, The Nalco 
System is your assurance of permanent water treatment results. 
Write for prompt action on your problems. 





Rectangle in small photo shows area of scale 
sample in large illustration. “Hills” are scale- 
covered rivet heads. Approximate size of 
sample: 7” x 5°. Naleo Laboratory photo. 


NATIONAL ALUMINATE 
CORPORATION 
6234 West 66th Place 
Chicago 38, Illinois 


Canadian inquiries should be 
addressed to Alchem Limited, 
Burlington, Ontario 
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Now the many advantages of the C-E Package Boiler, Type VP, are available to you in an 
even higher range of capacities. For Combustion has added two new sizes — for capacities of 
35,000 and 40,000 pounds of steam per hour. 


No C-E boiler has ever “caught on” more quickly or received more widespread and 
enthusiastic acceptance than the VP. This can only reflect the plus values of its Extra Fea- 
tures such as: 


More water cooling per unit of furnace volume than any other boiler 
of the VP's size and type. 


Quiet centrifugal fan, which operates at low speed and with an exceptionally 
low noise level. 


Large lower drum, which facilitates handling wide load swings . . . permits 
a simple, symmetrical tube arrangement . . . simplifies inspection. 


Single Burner —balanced furnace conditions are easier to get and to 
maintain .. . no duplication of burner control equipment . . . no air leakage 
through idle burner . . . change oil gun, when required, in seconds. 


Simple baffle arrangement, which means maximum heat transfer rate 
... ne dead gas pockets . . . simplified soot blowing. 


Consider, too, that many companies are discovering that they can get increased flexibility — 
at lower cost — by meeting their entire steam requirements with two or more VP boilers 
rather than with a single, larger unit. 


Why not investigate the extra values you can have with Combustion’s VP Boiler. Send 
for your copy of Catalog VP-165 or, even better, have a C-E engineer discuss your needs 
with you or your consultants. No obligation, of course. &-774 
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SPECIFICATIONS 
of the VP Boiler 
Capacity—4,000 to 40,000 pounds 


of steam per hour 

Pressures—vup to 500 pounds per 
square inch 

Fuel—oil or gas 

Erection completely shop 
assembled 

Foundation—simple concrete slab 








CE 


f 


I 


COMBUSTION 
ENGINEERING 


Combustion Engineering Building 
200 Madison Avenue, New York 16, N: Y 








BOILERS, FUEL BURNING & RELATED EQUIPMENT; PULVERIZERS, AIR SEPARATORS & 
FLASH DRYING SYSTEMS; PRESSURE VESSELS; AUTOMATIC WATER HEATERS; SOIL PIPE 
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CHICAGO FIRE BRICK BUILDS 
BETTER ASH CONVEYING SYSTEMS 


Walis 


re 


MB The Chicago Fire Brick Company, 
manufacturers of heat resistant ceramics 
and ash conveying systems, 
standardizes on ABK Metal parts where 
extreme abrasion is a major factor 


of wear. 


Their experience in manufacturing 
and installing many power station ash 
itelarelilale Melis MulelialeleMulelilelilare| 
systems has proved that the ABK Metal 
parts give much longer service than 


Chicago Fire Brick Company ordinary “abrasion resistant’ materials. 
4-piece elbow design made bet- 
ter with ABK Metal wear backs. The confidence that Chicago Fire 


Brick places in ABK Metal castings is 
typical among those companies who 
use ABK castings to fight abrasion. 


Its service record is outstanding. 


Benefit by the experience of 
e others. Specify the exclusive nickel- 
~ QUALITY CASTI iN tthe chrome Brake Shoe castings with 
‘ relilicelii-toMielish Mr iieiaitig-MelileMilelaelal tts 
ABK Metal will give you the extra 
service required for profitable 


fey oT -igelilelss 


{ 


BRAKE SHOE AND CASTINGS DIVISION 


230 Park Avenue, New York 17, N.Y 
109 N. Wabash Avenve, Chicago 7, Illinois 


Houston St. Lowis San Francisco Toledo 
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ARMOR PLATE 
FOR CYCLONES... 


The brick lining this cyclone dust collector are 
exposed to unimaginable abrasion and erosion 
The blast is so severe it can eat through the 


hardest metals in no time. Yet linings made of 


CARBORUNDUM ilicon carbide last for years 
[his one has now been in use tor over three year 
(Note the single course that shows considerable 
wear. This is another material atter just six months 
Service 





In each case HARDNESS is what pays 


ARMOR PLATE 
FOR BURNER RINGS 


The direct blast from a pulverized coal burner 
contains a fiery abrasive. Millions of -razor-sharp 
particles of coal are entrained in the flames. This 
destructive scouring is one reason these burner 
rings fail so fast. Unless, of course, they are made 
of our silicon carbide — which is not only super 
hard, but stays hard even at extreme temperatures 
It prevents erosion, and offers no foothold for slag 
build up In short it lasts and you get uninter 


rupted trouble-free steaming capacity 





Co mift limenta ry: Booklel 


A 32-page summary of boiler trouble-spots 
where special properties of super 
refractories fit perfectly. For your copy 
address Dept. E-95, Refractories 

Division, The Carborundum Co., 





Perth Amboy, New Jersey 


CARBORUNDUM 


Registered Trade Mork 
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MULTIPLE FUEL, CYCLONE FURNACE INSTRUMEN- 
TATION AND CONTROL BY HAYS, for the new addition 
to Jersey Central Power and Light’s Raritan River 
Plant, is mounted on this benchboard and auxiliary 
panels, The entire unit will be controlled from this 
centralized control station. The new steam generat- 
ing unit has a maximum continuous steam output 
of 900,000 lbs/hr at 2050 psi and 1050 degs F with 
1000 degs F reheat. It is of the pressurized furnace 
type with superheat and reheat steam. 
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“2 story” benchboard to reduce costs 


Why build a “2 story’”’ benchboard? To con- 
solidate over 300 switches, indicators, controllers, 
ammeters etc. in a minimum of space, yet provide 
easy accessibility for adjustment or removal for 
maintenance and... 
To reduce Operating costs ... fewer men can 
operate more equipment. 
To reduce installation costs... entire board fab- 
ricated at Hays ... minimum field piping and 
wiring. 
To reduce maintenance costs .. . indicators, con- 
trollers, etc. accessible from inside of panel. 


purchased by Jersey Central 


designed by Burns & Roe, Inc. 
built by 


hays 


MICHIGAN CITY, I,INDIANA 





Automatic Combustion Control * Veriflow Meters and 
Veritrol * Electronic Oxygen Recorders * CO: Recorders 
Boiler Panels * Gas Analyzers * Combustion Test Sets 
Draft Goges * Electronic Flowmeters * Miniature 
Remote indicators * Electronic Feed Water Controls 
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BEACON PROCESSED POCAHONTAS 








prepared in one of the largest, best equipped and 
most modern cleaning plants in the entire nation 


Ask any group of coal users the fuel name they’ve known best and 





longest and most will say “‘Pocahontas.’’ It’s been a famous name for 
almost a century, because coal from this field has been an acknowledged 





leader in cleanliness, good-burning properties, and all-round quality. 

Beacon Processed Pocahontas Stoker Coal makes it possible for you 
to offer your customers something even better than this “best.’’ One of 
the newest, largest, and best-equipped cleaning plants in the entire 
nation is at work at the Keystone mine, adding an extra touch of ulti- 
mate quality to the natural advantages of the fuel. This coal lets you 
say to your customers, “I’m giving you the finest thing in stoker coal 
it is possible to buy.” 


EASTERN GAS AND FUEL ASSOCIATES 


PITTSBURGH + BOSTON « CLEVELAND « DETROIT «* NEW YORK + NORFOLK 
PHILADELPHIA * SYRACUSE 
For New England: New England Coal & Coke Co. 
For Export: Castner, Curran & Bullitt Inc. 








STOKER COAL 














SILENT 


No grinding in the retort, with Beacon 
Processed Pocahontas Sto..er Coal. It is sized 
to scientific standards, established after long 
tests in our own Stoker Coal Laboratory 


DUST PROOFED 


This coal is naturally clean . . . but to eliminate 
any possibility of complaint from even the 
most finicky housewife, we dustproof with an 
oil spray. 


SUPERLATIVE 
FEATURES 


This fuel offers highest inherent quality; low 
volatile, which bans smoke; low ash which 
saves cost and complication; ideal clinkering 
properties; high heat ovtput, with all the 
B.T.U.'s soaked up by the furnace or boiler; 
economy, because there's maximum available 
heat in every pound of coal. 


Yrs 


LENO AAI AG A>. 
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boiler systems 


protect industrial 


























Typical hydrazine 
feeding device 









from oxygen corrosion 


wth H YDRAZINE 


To prevent corrosion due to dissolved oxygen in operating 
boilers, and to protect idle boilers or those in standby 
service, the use of hydrazine is well established. Hydrazine 
is now being successfully used in both high and low pres- 
sure steam boiler systems —in the industrial boiler field as 
well as at central power stations—where it provides ef- 
fective protection at low cost. 

Fed in solution, hydrazine is easy to handle and does not 
seep through hand-hole gaskets; it can be used with exist- 
ing equipment required for the application of other feed 


water treating chemicals. Hydrazine reacts completely 
and rapidly with the dissolved corrosive oxygen, resulting 
in water and nitrogen; it imparts no additional “total 
solids” to the feed water. Moreover, hydrazine hydrate is 
alkaline —a 1% solution of N,H,H,O has a pH value of 
9.9 at 25° C. 

These and other advantages of hydrazine for the deoxy- 
genation of steam systems are detailed in Mathieson’s 
literature on the treatment of boiler feed water. Write 
for this information today. 


= OLIN MATHIESON CHEMICAL CORPORATION 


Beltimore 3, Merytend 
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when critical piping is the order! 


View of inside of pipe, showing root bead. Note the highly uniform, crack-free surface obtained through use of K-Weld method. 


With tod iy § Oper iting conditions alre uy approaching 
the limits of available power piping materials, the neces- 
sity for expert fabricatin techniques cannot be overt 
stressed And it is here that the K-Weld* process 
Kellogg’s unique welding method, has already played 
an important part 

For example, K-Weld was used throughout—both in 
the shop and in the field—for the welding of austenitic 
stainless steam piping for service at L1L00°R and 2350 
wig on two 145,000 Kw units in Kearny Station of 
Public Service Electric and Gas Co. of New Jersey 
It is also being employed in the critical piping for a 
similar unit at the Company's Burlington Station 

Main advantage of this new welding process lies in 
the fact that it assure 
ing rings. Their elimination precludes the possibility of 


mplete penetration u ithout back- 


crack propagation al the weld root which would produce 
ultimate failure as a result of severe operating conditions 

An additional advantage is the elimination of the 
possibility of the backing ring breaking off and damag 


ing equipment Furthermore the lack of a ring materi- 
ally reduces turbulence in pipes 

The K-Weld process cle veloped in Kellogg s W eld- 
ing and Welding Practices Group—entails the use of 
inert-gas are welding of the first pass with inert-gas 
under controlled pressure on the inside of the piping. It 
permits an average welder qualified for inert-gas arc 
welding to obtain excellent results either in the field or 
in the shop. The K-Weld technique may be used on all 
power piping materials 

Fundamental development work leading to advances 
in the art of fabrication is an important part of Kel- 
logg’s basic stock in trade. Many power station de- 
signers and utility companies also say it’s one basic 
reason why they time and again specify Kellogg when 
critical power piping is the order 


New Power Piping Booklet Published... Send for descriptive 
literature about Kellogg's extensive facilities for assur- 
ing the highest quality workmanship. A section of the 
booklet 18 devoted to detailed cov crage of the K-W eld 


process, 


OTHER FABRICATED PRODUCTS include: Pressure Vesseis Vacuum 
Vessels... Fractionating Columns... Drums and Shells Heat Exchangers Process Piping 
Bends and Headers Forged and Welded Fittings 


FABRICATED PRODUCTS DIVISION 
M.W. KELLOGG 
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Latest additions to Ford Motor 
Company's power plant are two 
drum bent tube twin boilers. 
Each has 3,948 tubes. Evaporation, 
500,000 lbs. steam per hour. Tem- 
perature at Superheater outlet 
650°P. Pressure at Superbeater 
outlet 250 p.s.i.g. 











Ford uses 


ELECTRUNITE 


boiler tubes in 














This latest boiler installation is part of Ford’s 
continuing modernization program. At the 
Rouge, which has the largest industrial power 
plant in the world, Combustion Engineering 


Inc., is furnishing specially designed boilers. 


The ELECTRUNITE Boiler Tubes used are 
made from high grade steel, made in Republic’s 
own mills. Quality is controlled from ore to 
finished product through a series of rigid tests 


and inspections. 


The results: Tubes with uniform wall thick- 
ness which give uniform heat transfer all around 
the tube and from end to end. Uniform duc- 
tility for smooth bending and uniform roller- 
expanding. 


Every ELECTRUNITE Boiler Tube has identical metal- 
lurgical and physical properties. Because wall thickness 
is uniform, there are no longitudinal thin spots. This re- 
sults in uniform heat transfer. 
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Surfaces of ELECTRUNITE Boiler 
Tubes are scale-free because they 
are normalized in a controlled 
atmosphere. This saves grinding 
tube ends which destroys uniformity 
Tubes slide into drum holes easily, 
expand uniformly. 






















Because of ELECTRUNITE'S uniform 
ductility, accurate bends are easily 
made, and spring-back can be cal- 
culated before bending operation. 














Rouge Plant 


From the standpoint of economics, it pays to consider 
ELECTRUNITE Boiler, Condenser and Heat Exchanger 
Tubes. Write for the booklet that gives you complete data 


and specifications. 


REPUBLIC STEEL CORPORATION 
Steel and Tubes Division 
209 East 13ist Street, Cleveland 8, Ohio 
GENERAL OFFICES . CLEVELAND 1, OHIO 
Export Department: Chrysler Building, New York, 17, N. Y. 


“INTESTINAL FORTITUDE” —16 mm., 
sound, black and white, 17 minutes. The story 
of ELECTRUNITE pressure tubes. A short in- 
troduction reviews the progress of the iron ore 
from mines to blast furnace. Then the various 
steps necessary to make the flat-rolled coils of 
steel from which the tubing is made. Finally, 
how ELECTRUNITE tubing is made. To ar- 
range for showing, write to Steel and Tubes 
Division. 
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Even boilers as small as 25.009 pounds of steam per hour 
can now operate at fuel efficiencies you never dre umed of 
With the new Packaged Ljungstrom, you can apply the principles 
of heat recovery universally used in large utilities. The Packaged 
Ljungstrom Air Preheater operates on the continuous regenerative 


counterflow principle. Waste heat in products of combustion is absorbed 
on specially designed surfaces in the slowly rotating rotor 


surtaces 
The entire unit is self-contained as 
For more detailed information 


As the 
enter the stream of incoming combustion air, they transfer their heat to this air 


ou receive it 


get in touch today with 
The Air Preheater Corporation 


The Air Preheater Corporation 60 East 42nd Street, New York 17, N. Y. 
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Bartlett-Snow 
coal handling 








et Bellevue — 


@ The illustration above shows the first 90,000 KW unit of 
a plant which is to be extended into a 180,000 KW station. 
All coal handling equipment including the track and re- 
claiming hoppers and grillage, duplex feeder, belt feeder, 
conveyors, galleries and all supporting structures were 
detailed and fabricated in our shops, and installed by us, to 
Sargent and Lundy’s specifications. For maximum efficiency 
and affixing unit responsibility, let the Bartlett-Snow coal 
handling engineers, with their long experience and 


complete facilities, work with you on your next job. 


DESIGNERS 


“Builders of Equipment for People You Know” 









General View of Kramer Power Station 
Nebraska Public Power System 
Sargent and Lundy 
Consulting Engineers 





View Showing Track Hopper, Reclaiming 
Hopper, Breaker House and Storage Yard 





Belt Feeder in Pit Connecting Reclaiming 


Hopper 


Inte 


Main 


Conveying System 





DUKE POWER ce 





THE RECORD: 


1,204,300 SQ.FT. OF 
Cc. H. WHEELER 
SURFACE CONDENSERS 


IN THE DUKE POWER SYSTEM: 


SQUARE FEET 
SURFACE 
CONDENSERS 
85,000 
65,000 
60,000 
50,000 


75,000 
60,000 
31,300 

5,000 


48,500 
33,000 


95,000 
50,000 





RIVERBEND 


BUCK STATION 


CLIFFSIDE 


DAN RIVER 


LEE 


65,000 












FT 


Saat 
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LEE 
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SUE ag Beers 


C. H. Wheeler Steam Condensers, Air Ejectors, Circulating 


and Condensate Pumps are tried and trusted equipment in 
every new steam power generating station that Duke 
Power has built. Photos show some of the latest installa- 
tions in the new Buck Station where five C. H. Wheeler 
Surface Condensers are installed, ranging in size from a 
5000 sq.ft. house turbine unit to a 75,000 sq.ft. unit. All 
other steam stations on the Duke system are completely 
equipped by C. H. Wheeler. This equipment is designed to 
strike a sound balance between first cost, operating 
efficiency and maintenance costs. 
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There's progressiveness in C. H. Wheeler engineering 
that matches the expansion plans of a great utility like 
Duke Power. A new 95,000 sq.ft. Surface Condenser Unit 
and auxiliaries is now being manufactured for Dan 
River Station. 

The art of condensing steam and producing vacuum for 
the prime movers of industry has the seasoning of 50 
years of development at C. H. Wheeler. You can find no 






richer experience . . . no greater vision for the future of 
. than at C. H. Wheeler of 


-» HOW MAY WE HELP YOU? 






steam power generation . . 
Philadelphia. . 






ee —E 


Cc. H. WHEELER 
STEAM CONDENSERS— AIR EJECTORS 
CIRCULATING anno CONDENSATE PUMPS 





C. H. Wheeler 75,000 sq.ft. 
Surface Condenser and 

C. H. Wheeler Circulators 

at Buck Station, Salisbury, N. C. 





C. H. Wheeler “Tubejet’’ Steam C, H. Wheeler 5-stage Condensate Pumps 
Air Ejector at Buck Station Operating on a Split Cycle System 
with a balancing standpipe 
between stages 


Ce) /, e 
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C. H. WHEELER MANUFACTURING CO., 19th & LEHIGH, PHILADELPHIA 32, PENNA. 





Automatic Control Systems 


The many advances in the design of components and the arrangements 
of Hagan Automatic Control Systems are the result of thirty-five years 


of experience with all types of control problems. 


The accuracy, dependability and versatility of each unit permit Hagan 


engineers to select the right combination of equipment for coordinated 


accomplishment of every function required of a system. 


The following are just a few of the services for which successful appli- 


cations have been made. 


Automatic combustion control for boilers 
of any size or pressure, firing all types of 
fuels, singly or in multiple. 


Boiler drum water level control, with auto- 
matic compensation available for boiler 


load or water density. 


Draft or pressure control over a continuous 
range from fractions of an inch water 


column to 5000 psig. 


Superheated steam temperature control 


Steam pressure and temperature control for 
all types of reducing and desuperheating 


stations. 
Controls for air preheated temperatures 


Feedwater heater pressure or temperature 


controls. 


Controls for parallel or sequential operation 


of fans, blowers or pumps. 


HAGAN 
HALL 
BUROMIN 
CALGON 
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When you buy Hagan Ring Balance Instruments, you choose the most versatile units 


available for the service involved. The following are some of the factors which make this 


a reality: 


Interchangeable sensing elements for full scale 
differentials from 1” to 560’ WC 


Full scale range of each clement adjustable over 


7 to 1 ratio 


Dead weight calibration check can be made 
& 


without disconnecting the meter from the line 


The breadth of application of Hagan Ring 


installation types 


Recording, in ! integrating flows of 


water and steam, or | { and gaseous fuels. 
& 


Simultaneous records of two separate flows, 
measured in a single eter housing. Flows may 
be added or subtra for accounting and dis- 


tribution purpose 


Pressure and temperature compensated records 


of steam and gas flow 


Spring resistance system produces reliability at 
& y I y 


lower flow ranges 
Mercury level is not critical 
No stuffing boxes or pressure-tight bearings. 


Ample operating power at all rates of flow. 


Balance Meters is indicated by these successful 


Pneumatic or electric signal transmission available, 


Density compensated recording of boiler drum 


water level 


Density compensated recording of gas or liquid 


flows 
Flow ratio control for liquids and gases 


Remote recording, indicating and integrating 
A 


Our engineers will be glad to suggest the Automatic Contro! and Instrumentation best 


suited to your requirements. 


HAGAN 


HAGAN BUILDING 


Boiler Combustion Control Systems + Ring Balance 


CORPORATION 


PITTSBURGH 30, PENNSYLVANIA 


Flow and 


Pressure Instruments « Metallurgical Furnace Control Systems + 


Control Systems for Automotive and Aeronautical Testing Facilities 
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American 


Blower 


Reports on progress 
in power 


i, the Higgins Plant at Oldsmar, Florida has a capability of 135,900 kw 
scam generating units requires 550,000 barrels of fuel oil annualls 


m4 
oivG in 


| 


Pow owed a remarkable increas 
42 through 1992. Continued 


Plorula 
electri " enues trom 


{ to meet the growing demand 


expan beonh i ithe hpates 
' 


Shown belo is one of the new American Blower Induced 
Draft Fans on #1 boiler at the beautiful new Higgins Plant 


Also on Higgins #! boiler is this American Blower 
Forced Draft Fan, rated at 81,400 cim, 695 rpm, and 
10.5” sp. Florida Power helps make the communities it 


serves good places to live and work 


Serving home and industry: NMERICAN STANDARD 
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Florida 


Power Corporation 


keeps pace with rising 


needs 


for electricity 


GZ _ pry the first plant of what ts 
Sn ASDA r 


( orporation went into operation with a wood 


now the Florida Power 


burning boiler and a 50 kw generator. Today, 


Florida Power and its subsidiary, Georgia 


Biower Sirocco Induced Dratt 
d at 145400 cim, 0695 

7 mn tl power plant inl 
American Blower crience and know-how are 


lant operator ywower plant problems 


ower and Light Company, serve 31 counties 
n Florida and 21 counties in Georgia. Total 


capacity is now 408,300 kw! 


Naturally, this continued expansion has 
ven based on the growing needs of the area 
or low-cost electricity for homes, business 
and industry. Future needs are anticspated 
and planned tor years ahead of time. 

Like other investor-owned utilities, Florida 
Power keeps output high and costs low by 
selecting dependable, efficient equipment 

including American Blower Forced and 


Induced Dratt Fans. 


Power plant operators everywhere are spec 
fying American Blower Mechanical Dratt 
ans, Dust Collecting Equipment, Fly Ash 
Precipitators and Gvrol Fluid Drive for boile 
feed pump and fan control. They know they 
can depend on American Blower Equipment 


and American Blower technical assistance 


If you have an air handling problem, o1 
are planning to expand or modernize, find 
out how American Blower can he Ip you, Gon 
tact your nearest American Blower Branch 


Oflice, or write us direct. 


AMERICAN BLOWER CORPORATION, DETROIT 32, MICHIGAN 


CANADIAN SIROCCO COMPANY, 


Division of American Radiator & 


AMERICAN ¢ 


LTO., WINDSOR, ONTARIO 


Standard Sanitary Corporation 


seh" By 
= BLOWE 


AMERICAN BLOWER © CHURCH SEATS & WALL TILE © DETROIT CONTROLS © KEWANEE BOILERS © ROSS EXCHANGERS © SUNBEAM AIR CONDITIONERS 
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The |A/|B/|C/] of Electric Precipitation 








The efficiency of any electric precipitator tinuous-cycle rapping, for example, proved 


depends on the quality of the corona emis in service for 20 years has never caused 


sion from the electrode, for it is this emis 


sion that ‘charges’ the dust 


Pictured above are the three most frequently 
used electrodes for doing this job. You can 
see the quality of the corona tor yourself 
We'll be glad to give you an actual demon 


stration 


Other precipitators use electrodes A and ( 
which give off only fair emission. Use of fine 
wire (to increase emission) leads to structural 
weakness, Use of heavy wire (to give strength) 
means poor emission, 


The exclusive Buell Spiralectrode (B) combines 
strength with peak emission, 


[he outstanding on-the-job performance of 
the new Buell Spiralectrode is typical of the 
advances made by Buell Engineers, Con 


MECHANICAL 


‘puffing’. 


Buell has consistently led the way to greater 
efficiency, through a long series of technical 
discoveries and advances, in all types of dust 


collection. 


Get all the facts. Send for our informative 
brochure—The Collection and Recovery of 
Industrial Dusts. It explains all three Buell 
Systems of industrial dust collection. Send 
for your copy today. Write Dept.7) |, Buell 
Engineering Company, 70 Pine Street, New 
York 5, New York 





\ =) 20 Years of Engineered Efficiency in 
2 \ eal DUST COLLECTION SYSTEMS 
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New Horizons for Steam Power 


Ever onward and upward in efficiency, size and steam 
that 1s the central 
station industry since the days of Edison’s pioneering 
Pearl Street Station \nother bold step forward has just 
been announced by the Philadelphia Electric Company, 
technical details «f which are revealed on page 73. The 
combination of the world’s largest turbine-generator and 
a super-critical pressure boiler designed for record high 


conditions what has characterized 


steam temperature and pressure will result in power gen 

eration at the highest efficiency and lowest heat rate ever 

achieved 
The next 


decade in power generation promuses to be 


an exciting one. Unquestionably nuclear reactors will 
have an important role to play, and the five-year develop 
ment plan of the Atomic Energy Commission will be 
followed with keen interest 
dent that progress will not be confined to nuclear-fueled 
In May 1953 the 


announced plans for the first 


But it is increasingly evi 


American Gas and Electric 
commercial 


stations 
Company 
station employ ing sté 


it a pressure above the critical 


and incorporating two stages of reheat rhe net result 


of this and similar projects will be appreciable fuel savings 
in conventional fuel-fired plants 
brings into being forces that 


The prospe ct ol 


Advancing technology 
are both interacting and competitive 
widespread application of nuclear energy is a challenge to 
all power-plant designer \t the same time it provides 


an opportunity for the introduction of new engineering 
techniques that will find use in many well established 
fields It is the 


power who stands to benefit most from this alliance of 


technical ultimate user of electric 
competition and technical interchange 

to the Philadelphia Electric Com 
the 


closer 


Great credit belong 
investment tha 


The 


ill the stronger because this is not a 


pany for the willingne to make 


brings this new power horizon to reality 


accolade should ue 
it bold one in which an attrac 


linked to technological highs in 


halting step forward bu 


tive economic return 1 


unit size steam = condition and power-generation 


efficiency 


The Battle for Jurisdiction Over Air 
Pollution Control 


Just last month w mented on the exploratory con 
the Joint 


Natural Resources of the State 


ference on air pollution problems called by 
Legislative Committee 
of New York 


ments presented their 


At that conference various state de part 


positions on air pollution control 


and in some instances outlined how they could function 
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in achieving the desired controls. Certain municipal 
officials and county health officers advanced their con 
tentions as to where the control authority should rest 
Our attention has been called to still another hat in this 
ring. 

rhe United States Public Health Service in a testimony 
submitted to the Senate Appropriations Committee, 
April 16, 1954, by Oveta Culp Hobby, secretary, Health, 
Education and Welfare, inferred that the Nation faces, in 
the years ahead, an increase in pollution directly propor 
tional to the projected increase in manufacturing produc 
tion Dr. Mark D. Hollis, also of the Public Health Sery 
ice, further stated, according to the New York Jimes, 
July 5, 1954, that very little research is being done; that 
the field of 
scientific 


information is available in 
air pollution abatement; that 
knowledge on air pollution is in as elementary a state as 
that which existed on water pollution in 1920. The 
purpose behind both statements was to justify appro 
priations for Public Health Service participation in air 
pollution control studies. 


a minimum of 


and present 


rhe Manufacturing Chemists Assn., for one, 


testimony before the Senate 


ques 
tioned the accuracy of the 
Committee as well as the quoted statements of Dr, Hollis 
And rightly so, we believe. The power field has long 
been keenly interested in air pollution control. The oil 
industry has contributed significantly to overall knowl 
edge in this area particularly through its sponsored 
studies at the Stanford Research Institute. All in all 
the Public Health Service's approach to the problem does 
not augur any constructive general 
knowledge of air pollution should they obtain their de 


additions to the 


sired appropriation. 

rhis need for constructive action is fundamental if air 
pollution control is ever to become workable. There are 
many individual companies that have backed up their 
desire to clean up the air by investing, in the aggregate, 
literally millions of dollars in the latest air pollution con 
trol equipment. What's more certain have 
gone beyond their own doors to aid in cleaning up com 
Outstanding among these are the Coal Pro 
Abatement with an im 
posing list of cities wherein they have earned the gratitude 


industries 


munities 
ducers Committee for Smoke 
of citizens, plant owners and city administrators. Now 
we understand the Manufacturing Chemists Association 
pollution 

communities to help solve 
All are evidences, to our way 
of thinking, of a constructive approach. When govern 
mental officials and legislators employ the same approach 


‘workshops in 
pollution 


is planning abatement 
plant 


problems at their source 


chemical 


air pollution control will experience decided progress 


4) 











Fig. 1.—Unusual topography characterizes the Oak Creek mately be flanked with four units on both sides. 
for plan view. 


site. The central service building, foreground, will ulti- 


See Fig. 9 
Note coal dock, ship channel, right 


Developmental Designs and Operating 
Experiences of the Oak Creek Plant‘ 


Unconventional designs yet ones that afford the 
best promise for the future were deliberately 


selected for this new station. Results indicate 


high reliability and availability at attractive 


operating costs and good overall efficiency. 


HE strongly nature of reliability 


thermal economy and initial cost of power plants en 


intagonists 


courages continuance of industry-wide pooling of en 


gineering knowledge and experiences. For examplk 
striving for higher thermal efficiency has not been with 
out strong influences to impair reliability and to increas 
Despite these opposing influences, electri 
unique in that its littl 


inflation The free engineering 


initial costs 
has increased but 


cost 


ity i 
with interchange of 
knowledge and experience seems creditable to an appreci 
ible extent Every new power plant and its significant 
operating experiences Can we ll be described in literature 
ol the engineering societies 


Consistent evolution of power generation technique 


requires that present designs be adaptable to future one 


lo do otherwise require ; progr Ss from a senes olf revo 

lutionary advances, some of which are likely to prove un 
| 

economic or unsuccessful The controlled-circulation 


boiler and the cross-compound turbine, for instance, were 


ti lected im part for Oak Creek Power Plant bec ills 
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By M. K. DREWRY 
Chief Engineer of Power Plants, 


Wisconsin Electric Power Co. 


they were thought to represent required designs for 


future higher pressures, temperatures and capacities 
Basic Design 


\ low cross-over pressure ol LO psig between the 


lurbine 
s600 
rpm high-pressure section and the low-pressure section, 
L000 F, and the 


leaving losses at 0.5 in 


two stages of 1SOO-rpm section designed 


for economi ibsolute exhaust 


characterize this new cross-compound turbine 
Oak Creek 


2.2 times as much generation in the high 


pressure, 
selected for 


cross-over 


Its unusually low 


ressure Causes 


in the low-speed one Che respective 


speed section as 
renerator capacities at 120,000 kw total are 82,700 kw for 


the high-speed and 37,300 kw for the low-speed one 


Besides the economic virtue of maximum generation 


with the smaller (3600-rpm) parts, Fig. 2, are savings in 


first cost and operating cost produced by minimizing the 


number of dual-flow low-pressure stages without requir 


ing an extra cylinder Blade heights are favorable, and 
* Dre nted before the Fall Meeting of the American et { Mecha 
Engineers. Milwaukee, W asin. September 8-10. 1954 
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Fig. 2.—Compact, cross-compound-design turbine gener- 
ates 2.2 times as much energy in high pressure, 3600 rpm 
section (left) as in low pressure, 1800 rpm section, (right) 


unproductive flow resistances are minimized. Thi 


exhaust blade area 1 q ft, equivalent to six rows of 


25-1n s}600-rpm bli 

Low cro vel ressure obviously requires a large 
flow irea Initial if ( nployed an overhe id cross 
over pipe and 44 ft between spindle center Because 
accessibility was poor Iternatives were studied Some 
means of coping with the iriable-with-load vacuum and 
pressure forces acting laterally on the turbine cylinder 
had to be found if a direct connection with an expansion 
joint was to be employed Distortions caused by these 
variable forces would be destructive of efficiency 

\n internal strut in the cross-under’’ duct, Fig. 3, 


gives the equivalent er plates on both sides of the 


low speed cvlinder d of no closures on the high speed 


cylinder opening Thus, the variable pressures balance 
perfectly, and low blade and packing clearances can be 
employed ind retaine¢ 

By means of this unusual design shaft centers wert 
brought it nearer, reducing their 33-{t separation to 
22 ft Flow losses were minimized and the resulting 
cross-under joint unlike the conventional cross-over 
design, need never be broken and can therefore be welded 
Accessibility was improved Ihe necessary turbine 
room height and width limits were lessened As a result 
Oak Creek's cross-compound design employs only 10 ft, 
S in. more turbine-room width than does Port Wash 
ington which ha tandem-compound turbine 71 ft 


) 


in., and 6O ft, 6 in. respectively hus, a compact 


cross-compound de favorable initial and operating 
costs and with components of proved reliability, wa: 
evolved through close cooperation with the manufac 
turer's engineet \daptability to 500 mw, a valued 
merit, has been stat by the manufacturer 
Controlled-t ilation Bortler 

Safety and continuity of service upon tube rupture 
were among the major reasons for selection of a pumped 
or controlled circulation boiler Experience with several 
large ruptures of 3-11 Op 1300-psi, boiler tube 


showed that induced-draft fan capacity was normally un 
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The direct coupling possible with an internal strut 
results in cross-under vacuum and pressure forces 
being applied equally to both sides of the LP cas- 
ings and no variable pressure build-up on IP casing. 
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Fig. 3.—Cross-sectional view of turbine, Fig. aygvenanen how 
internal strut and expansion joints permitted cross-under 
duct to alleviate pressure forces on duct ends 


ible to remove the large quantity of steam evolved, re 
ind 


sulting in opening of furnace and setting doors 


darkening the 
loss of load always resulted, and 
leak on 


pinning standby for the largest unit is not alway 


room lin 
rolled 
Since 


dirtying and entire boiler 


mediate many 


tube joimts were caused to occasions 


scarned 
this loss of load can be a problem 

i disadvantage, however, with a controlled 
Phe O.D 


ind orificed tubes of this boiler design can rupture with 


This 1s not 


circulation boiler relatively small (°/,-in 


out requiring outage before other equipment can_ be 
Hence 
considerable 
still other 
he steady advance of steam pres 
the five Port 


40 to 1480 psi and the continued pressure advance of 


ictivated their safety and continuity-ol-service 
merit are 
But 


trolled circulation 


there were reasons for selecting con 


ure throughout Washington units from 


the Oak Creek units (subsequently 200 psi for each of the 
No. 2 and 3 
that natural boiler circulation became precluded 


units) suggested preparing for the time 


Relatively rapid cooling for maintenance was another 


factor urging controlled circulation. With natural cu 
ulation, hot water stays in the upper drurus and cannot 
ordinarily be cooled at a reasonably rapid rate With 
forced circulation, the banks of convection tubes serve 


‘ oolers 


is ellicrent Oak Creek 
ilmost three times that of Port Washington (100 F pet 
hour versus 35 F 
615 F to SO F 


and coal savings during the five weekdays are often about 


boiler cooling rate 18 


, thus saving 10 hours when cooling from 
Fixed charges for 10 hours total $2000, 
S1200 tor 


10 hours, making more rapid cooling worth 


$5200 per maintenance outage 


Controlled circulation has several other significant 
values and minor demerits as well. The pumps require 
one-quarter per cent of full load output and are not 


without maintenance However, they have not been 


responsible for impaired outputs. Development is 


reasonably expected to reduce needed attention 
Botler-Furnace Basic Design 


means of closely sustaining 1000 F reheat through 
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Fig. 4.—Platen walls, located in the region of highest heat 
transfer, aid in attaining a self-cleaning furnace as well as 
assisting in the control of reheat steam temperature 


an objective not fully reached at Port 
perfect freedom from 


out the load range 


Washington,’ plus more nearly 
furnace manual cleaning than at Port Washington, were 


sought m the basic design of the boiler furnace 


Study suggested that if Port Washington’s radiant 
superheater and radiant reheater positions were ex 
changed, differential firing across the furnace width 


could cope with the reheater-inlet temperature drop with 
load that Port 
Washington experience showed that two “‘fires, near 


modern multi-valved turbines cause 

" one 
ssary at low loads to maintain 
but little 


ar-wall reheater heat adsorption 


each sick wall, were nec 


superheat temperature, value resulted in 
iugmented re 

Phe dual function of assisting with low-load superheat 
ind reheat steam temperature regulation, and of assisting 
afforded by 
walls interposed under the arch between 
Dhey four ‘‘cells the 

two middle cells are bounded on 
with tubes rhe two 
wall radiant 


Differential firing of the center and end cells 


importantly with furnace cleanliness, is 


three “platen 


burners, Fig. 4 form across 


Phe 


vertical 


furnace tront 


their three sides water 


end cells have as their outer walls the side 


reheaters 
iffords a means of varying relative evaporating and 
reheating, and thus regulating reheat steam tempera 
ture rhe platen walls act as shields, shading water 
tubes or reheater tubes from the flames, as desired. 
Because these platen walls receive heat on both sides 
at about the highest rates experienced in the furnace, 
they effectively limit furnace temperatures and thus 
minimize ash deposits that require manual removal 
hough the local flame temperatures are high, deposits 
on the platens or nearby surfaces have proved to be 
With the flame travel and 


negligible downward, 


wt Washington, ASME paper 51.A-45 


Reheat Kaperiences at P 



















Fig. 5.—Clean furnace after two months service reflects 
effect of the platen walls (two of the three show here, radiant 
reheater wall background, superheater, right foreground) 


roughly parallel to the vertical tubes, air and flue-gas 


currents acting in the same direction as gravity assist it 
in keeping these surfaces clean 


The 


transfer zone makes them most effective in regulating re 


location of the platens in this maximum heat 


heat temperatures and maintaining furnace cleanliness 
If the pl itens were located near the furnace outlet, for 
instance, the entire furnace would be hotter, thus per 
mitting ash deposits that would require manual removal 
Experience suggests that the rear sloping bottom and 


rear-wall would accumulate most ash, for walls directly 
under the burners are consistently cleaner, notwithstand 
ing the high temperature 

Lower furnace heat-transfer rates have other important 
values besides minimizing expensive manual ash removal 
In general, boiler-unit availability and reliability appear 
temperatures. The 


Washington boiler units 


furnace rela 
Port 


over the years have contributed to experiencing closely 


highest with lowest 


tively cool’ furnaces ot 
13 per cent of the scheduled maintenance outage time and 
15 per cent of the forced outage time of average power 
industry boiler units hus, with less than one-half the 
opportunity for preventive maintenance, these lower fur 
nace temperature units have been forced from service 
appa 
value 


No characteristic of 
reliability in 


one-sixth as much 
ivailability 


only 
ratus exceeds and 


Lower furnace and boiler-inlet temperatures permit 
significantly lower pressure drops in superheaters and 
metal temperature, thus aiding 
heat 


varies with the 0.8 power of the mass-flow rate, and since 


reheaters for the same 


station thermal efficiency. Because transfer rate 
pressure drop varies with the square of the latter, pressure 
drop decreases rapidly with heat input rate. For in 
stance, halving of heat input rate, for the same metal 


temperature, sends pressure drop down to only one-third 
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Fig. 6—Condensing water quantities approach those of 
hydro plants. The use of similar design techniques to re- 
duce flow resistance captures substantial gains 


For the industr te 


tures, 


idily increasing steam tempera 


lower heat input rates are valuable in limiting 


metal temperature | wasteful pressure drops 


Condensing Water Sy lem 


lo cope with the hazard of a 10-minute 6-ft to 7-ft rise 
of Lake Michigan water level (experienced only 10 miles 
iway at Racine in 1944 during a year of high levels and 
ind still be at the same height 
as the Lakeside and Port Washington first floor levels re 
vel 6 ft at Oak Creek Phis 
condenser Width 


gested a central pump room 


in the absence of wind 


quired raising basement lk 


action required 6 ft | height 


considerations also 


By manifolding the discharge of four condenser circu 


lating pumps serving four condensers, rather than using 


two pumps per condenser, and by using highe. speed 


pumps and reduced flow resistances, pump costs per plant 
kw, compared with Port Washington's, were halved 


Use of hydraulic principles employed in hydroelectric 


plants permitted a condensing water flow circuit of low 


resistance Stepped take and discharge tunnels, 


with water removal jection from the tunnels’ tops 


by means of vaned elbows, Fig. 7, to conserve the tunnel 
velocity: use of flares where velocities are reduced: and 
minimizing of tunnel ening all combined to reduce 
flow resistance ther tl condenser-tube friction) to 
one-third of previou ctice Fig. 6 shows in part 
the pump room cro ect 

Vertical pumy nd the need of priming, thus im 
proving reliability, especially in emergencies, and 
facilitating remote control Excessive motor overload 
ire reliably avoided b loyment of stand-pipe over 
flows, which proved iluable when the system was 
seriously troubled with hi industrial waste 

Condenser inlets carr ilves for control-room throt 
tling of flow to as littl ne-fifth, as required to cope 
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Fig. 7—Vaned elbows remove and reject each condenser's 
circulating water at the same velocity and direction as the 
main flow, thereby reducing pumping costs 


with ice, fish or debris. This throttling has proved of 


Lakeside, Port Washington and 
Oak Creek for avoiding complete plant shutdowns 


extremely high value at 


Piping Weld 


sacking-ring omission on piping welds removes the 
hazard of ring portion’s loosening by vibration and in 
juring turbine blading Possibly still more important, it 
reduces stress concentration points, and therefore eases 


the normal cracking tendency of the per cent chrome, 
| per cent molybdenum, T22 alloy 

Developmental work with heliare welding proved that 
by expert welding, satisfactory root beads could be made 
without use of internal gas pressure Experience proved 


that cost and erection time were substantially reduced 
confirmation ol 
For t he 


veccurately comes 


\s an unexpected virtue, ultrasonic 


sound welds was found wholly practical few 


cases where internal diameters are not 


dent, rechecking after several months or years of opera 


tion is expected to confirm all of the joints of perfect 
afety Ability to use the ultrasonic testing method, 
with its extremely sensitive, reliable indications, 1s a 


major virtue of backing-ring omission 


lurbine O1l-Fire lsolation 


Essentially total isolation of each boiler-turbine unit 


from others is obtained in spite of keeping the 


Spa { 


ibove the turbine operating floor fully open for unim 


paired crane service 
\ll oil pipes are located below the relatively tight 
turbine casings, which are sealed to the turbine floor, 


which 1s also tight Stairs to lower elevations are en 


closed and have doors at the first landing, to complete 
sealing of the turbine-room floor 
Since the units are being installed individually, at |! 


to 2-year lrequency, ea h structure requires a temporary 
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Fig. 8—Boiler-turbine isolated units, centralized about a 
permit operator relief without extra attend- 
ants; also afford complete isolation in event of fire 


cormrmon line 


end wall The v bove the turbine-room operatu 

floor is readily rolled to its new location while supported 
on the crane rail The wall beneath it, and the entire 
relatively inexp ive boiler-room wall, are left in place 


Phe boiler and condenser spaces of each unit 


re Common 


for no wall exists between them below the turbine operat 


ing floor bhu in oil-fire, a coal or hydrogen explosion 


r a large stea leak 1 urs but the one unit My 
top, illustrates this isolation plan 

Minor leakage of smoke or steam through the turbine 

ing can be routed outside by control-room opening of 
windows opposite the turbine in trouble, while large 
entilating fans opposite the remaining turbine help 
imsure thet tinued rvice These fans are also used 
for cooling workmel vhen dismantling a turbine in 
urmimer Rotatable louvers can direct outside air to areas 
desired Durbin rts are olten warm, and tavorable 
ventilation can reduc utage tim ubstantially on 

casions hortening outa is of high value 

Isolation walls between each unit assist firefighting 
when emergency « tions occur lurbine oil-tank and 
piping pray installed permanently in tratevu posi 
tion ire activated tr i nning space Doors u 
these walls afford portals through which firefighting can 


be continued as needed, under cover of the isolating wall 


Hoiler-room ventilating fat mentioned later, can be re 
ersed from the control room to minimize smoke or steam 
density 

Operators feel encouraged to stay at the controls 


longer im extreme emergencn by provision of an en 


entilated 


ivcowu rol t he control I 
ipparatus with mini 


closed pass 


rooms 


with outside au opping ot 


| 


mum possible damage Cel reasonably exper ted 
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These pre 
ubstituted for 


wholly 


turbine 


xtreme emergencies have not 


efiorts 
Control-room wall 


iutions lor ¢ 


primary safety They are desir 


ible for unexpected « 


ind the 


vents 


room roof have been made of monolith 


concrete to offer protection from debris in case of mili 


tary attach Fireproofing the roof asphalt is inciden 
tally afforded in the turbine room. Roof asphalt will not 
leak and augment a turbine oil fire 
Bon er Roon | enitiaiton 
The approximately one per cent of economically us 


oid ible heat los 


Mayor 


from boiler-room apparatus 1s col 


extent by introducing all combustion 


ur by six large pt 
Puinece 


peller type fans into the top of the 


boiler room this low-level heat competes with ex 


traction steam in heating combustion air, the net saving 


is approximately one-quas per cent his is closely 
idequate to justify the extra cost of housing the complet 
boiler plant, with all the 


helter 


other ippreciable benefits of 
ited in the 
plants at the 


iuthor 
ASMI 


wecruing without cost, as tre 


discussion of outdoor power 1953 
\nnual Meeting 


Plant he 


nfiltration is 


befors 
importantly by 


iting, « during construction 


speci illy 
munimized, is assisted 


ivoiding the substantial suction that normally exists at 


lower level hese large fans are pec ified to maintain 
it the top of the boiles 
room, thu i stack-effect that 
low levels to be poorly heated 

motion at the top of the 


iting the fans 


ibout one-quarter inch pressure 


oiding the ordinaril 
Lust 
Che circular 
used by lo 


mixing the 


boiler room 


it Opposite corners aids 1 


cold incoming air with the heated boiler-room 


ur and thus causes reasonably uniform temperature 


throughout the boiler-room height Chis contrasts with 


the usual considerable temperature gradient existins 


in typical boiler room 

Though the forced-draft fans are located near the 
boiler-room basement, where their discharge ducts ar 
favorably short, their inlet air contains essentially all 
the boiler-room heat loss« 


Substantially lesser preheating apparatu needed for 


winter-time conditions, to avoid air-heater clogging 
than with outdoor installations Cleaner outside air 
from the higher level, is of minor value 


Strainer | perience 


The ul ual pr ictice oO} t iking backw ish 


water from the 


yste served has the double handicap of taxing the 
system when it can least afford it, and of permitting but 
1 relatively low backwash flow rate \n air-water 
wcumulator plan has proved that both of thes 
demerits are avoided. With thi tem water slowly 
iccumulates in a closed tank \s it fills the tank it cor 

presses the air trapped above it When the backwash 
valve is opened this air pressure forces the water out at a 


high flow rate Through permitting a high backwash 
quantity this system allows using a very large scree1 
irea, and is thus further conducive of labor-saving and 
cleaner water Entire plant impairment or outages have 
been known to result fromservice-waterstraining trouble 
Backwashing the strainers once each shift normally 
ind oftener in proportion to the amount of debris sep 
irated | the travelu reel bnormall pi ed 
better using pressure ! is the criterion \] 
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though considerable weeds and very troublesome im 
dustrial waste were experienced, at least two months 
operation has occurred without opening the screens 

} } 


By omitting Port Washington's turbine-driven pump 
pumps instead of Port Washing 


Oak 


ind using two hall é 


tons approximat three-quarter size pumps, 
Creek's feed-pump equipment costs per kw were reduced 
to half of Port Washington's 

Low usage the Port Washington turbine-driven 
pumps and provisi four relatively independent 
ources of auxiliary current for Oak Creek seemed ack 
quate bases for omitting the turbine drive Without 


steam drives for other auxiliaries there is limited value of 


steam-driven boiler-feed pumps 
Dual boiler fas | condenser pumps, each of approxi 
mately half capacit re generally accepted The im 


proved reliabilit boiler-feed pumps, and the similar 


ibility to carry two-thirds to three-quarters full output 


with one pump, due to reduced flow resistances, prompted 
the plan for Oak Creek boiler-feed 


pumps as with usual boiler fans and condenser pumps 


dual auxihiats 


Sane 


lwo half ize bouler-feed pumps were further encour 
ged by the opportunity of reducing boiler pressure 
slightly to enable one pump to carry three-quarters load 


issembly for the four pumps 
200 psi difference of boiler 


Purchase of i Spare ternals 


ot two unit re rake ol 


pressure, was another factor in reaching the decision 


Substitution of these parts 1s made in a few hours 


No experience t late ha 


ve required more than two 


half-size pump 
Bou er Cé } ?) Reg éialtion | alive 
To avoid checl lve failure causing feed-pump re 
versal and possible truction the regulating ilves 
were low ited at the it } rve ol eat h boiler feed pump 


Complete closure of it gulating valves before stopping 
either pump removes the need of dependence upon check 

ilve closure 

Chec] ilves are ordinarily highly rehable, but ther 
failure has been « enienced on two occasion it Port 
Washington notwithstanding careful maintenance practi 
ces On both oc« { revious traiming of the opera 
tors caused 1 l¢ te etection and correction Place 
ment of less de upon operating expertnes: 


eemed prudent 


Maximum pre ire e high-pressure heaters 1s re 


duced substantiall | ting the feed-water regulating 
ilve it each const t peed feed pump Starting and 
topping of indivi | pumps can be accomplished with 
less flow variatiot ver high-pressure header valve 
are needed The t valve operat it lower 
water temperature with le temperature range, 
thus assisti thei bilit 
0 ¢ 

Cost of me ’ proximately proportional to 
the distance é | encouraged a design that 
mumimzed moving t ‘ 

A 900-ft by 900-ft with a maximum pile height of 
00 ft for the ultimate site development, was found most 
economi ifter tudi The 100-ft height 
minimizes the hauling distance and the length of the 
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Fig. 9—Maximum use of gravity and efficient belt conveyors, 
plus holding hauls to as short distances as possible, give a 
smooth-flowing, relatively inexpensive coal-handling system 


underground conveyor Three-quarters of the coal 


gravitates into this conveyor upon being delivered by the 


self-unloader boat 


Che three-months’ ‘‘inactive-storage’’ reserve coal for 
each unit, possibly used no oftener than 20-year fre 
quency (based upon Port Washington experience), 1s 


located farthest from the dock conveyor, Fig. 9. It ts 
hauled there with a large wheeled scraper which packs it 
Che 


non-navigation 1s 


firmly to insure against heating three months 


wiritertime 
the 
coal for 


active storage during 


stored between this pile and conveyor Annual 


clean-up" of this active-storage accurate coal 


iccomplished 
for the 
Phe use of portable 


quantity accounting can be 
A 200-ft 
deve lopme nt is indicated by Fig. 9 


with bucket 


average movement distance ultimate 


con ilso utilized elevators to serve 


eyor 


the bunkers above the mills for emergency coal supply, 


is expected to limit the moving cost over this relatively 
hort distance to a favorably low amount 
Fatr-Weather'’ Coa soal Slip 

Water-borne coal 1s usually of minimum expense, but 
the high cost of conventional harbor facilities on the 
Great Lakes solely for receipt of coal cancels the savings 
of efficient transportation Port Washington plant 
experience suggested that simply an unprotected slip 
would be pr ictical at Oak Creek because of the possi 


bility of loaded coal boats from South Chi ago by passing 


the fair-weather facility during unfavorable weather and 
unloading within the Port Washington harbor. Study 
with the marine transportation company serving Port 
Washington confirmed that the plan was practical 
During the first year of operation only one bypassing 


occurred, and the docking plan proved wholly desirabl 


\ 2000-ton-per-hr unloading rate, causing but 4 to 5 


tim reliable weather 


npredictiol The practice ol 


pi | 
rapid departure to the 


hours’ docking , ordinarily permit 


around  betlore 
ol the 


harbor 


turning 


entry aid ilety open lake 


the Milwaukee 15 mule 
the 
conden TS, 


t he 
exhaust 


wr to the shelter of 


iway 
hip channel serve econd 
the 


maintaining 


purpose of a deep 
iffording cold water to 


Hy 


melting ie 


water intake lor 


ist i innual average of O.6-in 


ibsolute turbine pressure ind in 


that otherwise can threaten plant shutdown on occaswwr 





lime and temperature difference for melting ice become 
very high in this case when the rate of condensing water 
flow 1s 


condenser inlet valve: 


reduced to about one-quarter by throttling 


Centrally-Located Service Building 


efficiency and isolation principles urgé 
ind the 
imultaneously by 


four 


Production 


mininuzing distance number of units that may 


be unpaired a single cause Phe 


with units on each side 


ipproach these ideal specifications 


central service building 


Fig. 9, left help 
The two condenser circulating water systems, each 


serving four units have diversity which operating experi 


ence rates as of considerable value 


The uncertainty of tunnel sizes and designs that a 


companies unplanned extensions often prompts the 


added investment and operating expenses of employing 

smaller, and thus more, units of auxiliary equipment 
Centralizing all electrical controls for eight units in 

Proper ventilation 


electrical fires 


one room may seem undesirabl 


protective agaimst the consequences of 
appears adequate to permit the operating economies ol 
this centralization 

Expanding mechanical and electrical shops, employee 
with each unit results in small, 
Centraliz 


advantages 


rooms, storerooms, et 


inefficient, and costly-to-operate facilities 


ing these functions has many operating 
Employee rooms can be air conditioned more readily in a 
than « scattered 


central building 


Botler / v Ppertence 


Start-up After Port Washington icid 
treatment and alkaline boil-out 
ence with the Port Washington units showed repeatedly 
that there was little value of scrupulous pre-cleaning of 
the boiler if all other parts of the steam cycle, piping, 
heaters and tanks were not similarly 


practice, 


were omitted. Experi 


turbine, condenser 
cleaned. Oil 
flushed into the 


Liberal blow down during early operation, at relatively 


and silica in quantities were ordinarily 


boiler for the first week of operation 
low and gradually increasing and load, is 
considered most practical and has been followed for the 
recent units. Not until boiler water is totally non-foam 


ing and its silica content is down to two or three parts per 


pressure 


is full load carried. Experience indicates that 
preliminary boiler cleaning does not advance this time, 


but instead delays it if the boiler erection determines the 


million 


operating s hedul 


Piping blow-out was thought prudent regardless of 


careful cleaning before erection. Compressed air in the 


boiler and high-pressure piping, released through a 6-in 


und 6-in. temporary piping, was em 
Then the re 


quick-opening valve 


ployed to blow-out the reheater piping 


heater system was filled with 100 psig compressed air to 
blow-out the high-pressure piping and superheater into 
the boiler 

Vital to the 


of a very high mass-flow rate 


with open manholk 


success of any blowing-out 1s the need 
lhe carrying capacity of 
a 200-mile-per-hr gale, which will move large objects of 
high density, occurred during the initial part of the blows 
rhat it was adequate was indicated by perfect condition 
of the high-pressure turbine blading after operation 
Tube Rupture. Seven with a 


boiler tube rupture caused by an erection error, wherein 


hours’ operation 


a tube-end shipment cap had been welded into a joint, 


48 


demonstrated a merit of the controlled-circulation boiler 
that is of considerable value It contrasted greatly with 
the immediate forced outages of high-pressure natural 
circulation boilers upon rupture of their 3-in. tubes. A 
sq in. hole in the 1°/,-in. controlled-circulation tubs 
at 1500 psig cause d loss of 50,000 Ib per hr of water and 
approximately total feed 
boiler tube The 
ibility to continue output until other apparatus can be 
started from ‘‘cold 

Shut-Down Time. Forced circulation was also found 
of value upon an outage to repair a field weld. With 
natural-circulation boilers, sustaining the normal cool 


steam, as compared with 


water-flow loss upon rupture of a 3-in 


is of appreciable value 


ing rate of 35 F per hour becomes difficult below approxi 
mately 200 F 
low. With 
banks continue cooling with high effectiveness until room 
temperature With the entire 
periphery of the drum cooled by forced circulation, the 


because water circulation rate becomes 


pumped circulation, the convection tube 


IS approac hed closely 


cooling rate can be three, and possibly more, times that 
of the natural-circulation boiler, with still more rapid 


cooling near the end of the process 
Furnace E-x perience 


Furnace cleanliness experiences reflected the relatively 
low heat release per square foot of furnace heat absorbing 
surface (65,000 Btu per hr), the favorable location of the 
primary cooling surfaces, and the cleanliness aspects 
of the vertically-downward firing 

Hand cleaning has been totally unnecessary through 
out the experience to date (April 25), despite using mid 
Western coal of 2050 F ash softening temperature. For 
Absence 
alter 


all of the period, soot blowers were unavailable 
of any deposits, other than dust, is shown by Fig. 5, 
two months’ operation without cleaniny This seems 
truly 

Superheated-steam temperature tendency to 
1000 F at the higher loads, when the flames could not be 
driven to the bottom of the furnace, was corrected by 
tilting the burner tips 7 degrees toward the front furnace 


a self-cleaning furnace. 
exceed 


wall. ‘This experience suggested that for short or over 
night stops, when high steam temperature is desired im 
mediately rotation of the 
burners |SO degrees to get the flames outside the platens 


sub 


upon resuming operation, 


effective in steam temperatures 
stantially. Reheat steam temperature is responsive to 
differential firing of the middle and end cells, for which 


automatic control of steam temperature and excess air 


will be raising 


iS provide d 


Condenser Ix perience 


Condenser clogging with industrial waste stopped 


production almost daily until a 
installed end rhe initially-installed 
valved inlets assisted importantly \dding a partition 
in the inlet water box, a partial butterfly valve in the out 


backwash system was 


one week two 


let pipe, and valved connections from the two inlet se 
4-1n 
halves of the 

flushed to the 
installation has 


tions to a discharge pipe, ¢ iused backward flow 
industrial 


This 


S¢ rved pe riec tly, and 


condenser, with the 
tunnel 


in alternate 

refuse being discharge 
relatively minor 
will be installed in future units because of the realization 
that entire plant output can be hazarded on occasions 


by a relatively small opening in the traveling screens 
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Subsequent measurements at the top of the traveling 
screens proved that a in. by 10-ft slot existed at their 
lower, ‘‘boot,’’ ends, through which the slightly heavier 
than-water debris by the °/,»-in. 
These excessive clearances have since been corrected. 
The overflow standpipes from the condenser circu 


assed mesh screens 


lating-pump discharge manifold that prevent overload 
ing of the motors functioned frequently during the period 
of condenser clogging These ‘‘safety-valves'’ seem a 
installation of this nature 


installed can low flow re 


necessary part of an 

Not units are 
sistance of the system and its total desirability be 
firmed. Experience to date suggests that it will be ef 
ficient 


until more 


con 
and satisfactory 


Turbine fF vpervences 


Initial loading of the turbine occurred on September 
30, 1953. After 5'/» days of low loading, at low boiler 
pressure to limit dirtying of the blading with silica de 
posits and to eliminate oil from the entire 
sudden excessive vibration occurred at 22,000 kw that 
required shutdown and dismantling of the high-pressure 


system, 


and intermediate-pressure turbine sections 

Operation resumed November 30. Load and pressure 
were gradually raised when boiler-water silica and foam 
ing tendency were obtained favorably low by high blow 
down rate. One ppm silica is normally maintained at 
present. One-half ppm is expected when a blowdown 
heat-exchanger with low terminal temperature differences 
is completed and operating. Rated load was carried 
initially on 12-21-53 

In no way has the developmental nature of this new 
Stage temperature-pres 
sure data are evidence of high efficiency. Plans contem 
plate internal inspection of but one of the three sections 
at a time during routine one-week annual outages. This 
ability and Port Washington extensive experience sug 
gest that 11 days of outages every year, of which 6 will 
be Saturdays and Sundays, will be adequate. The 
5 ‘‘week-days”’ of outage per 


design impaired performance 


resulting promise of simply 
year 18 encouraging 


Bo ler Roon 


Ventilation Experiences 


Fair uniformity of boiler-room temperature is shown 
by the data of Table I 
70 F average at the top of the boiler room when 


In general, it shows approxi 
mately 
temperature was 20 F; the highest 


of 82 F at approximately one-third the 


outdoor average 
temperature 
ind 73.5 F entering the forced-draft 
fans t of the height 
markedly with usual gradients in high boiler rooms 

Mixing at the 
low ten 


boiler-room height 


at only 10 per cet This contrasts 


upper levels adequately avoided any 


peratures near the combustion-air 


fan discharges. Sub temperatures 
Without these the 
lifficult to heat, especially during 


cold-weather 


excessive ly 
eTo caused no 


troubles lans, lower levels of the 
plant would have bee 
units. On 


construction of adjacent one 


occasion when half of the were rendered inoperative, 
the turbine 


caused 24 F 


room suction, and construction openings, 
which froze low-vacuum-trip lines 
outage. Full fan operation 


the turbine room through 


ambient 


and caused a 7 minute 
normally caused warming of 
openings from boiler room 


he 53.5 F combustion-air temperature rise saved in 
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rable I represents over one per cent of the boiler heat 


input. It attests to the economics of shelter. 


TABLE I-—-UNIFORMITY OF BOILER ROOM TEMPERATURES 


Combustion Air Introduced Into Top of Boiler Room With Rotary Motion 
Data of January 22, 1954 Temperature Outdoors, 20 F; 10 Miles per Hour 
EF. Wind No Supplementary Boiler-Room Heating 


Side of Boiler Room 
Elevation, ft West Rast North South Average* 
123 75 Kl } 60 aor 
70 76 
74 
80 
75 
Os 
7 70 
KS “6 
as } 65 
La ‘ “ag 
7 73 y 65 
70 fl 67 
FD fan inlets (elev, 20 ft 73.5 
Outdoor 20 


Heating by “‘radiation losses 53.5 
* Approximately 15 locations at each elevation 
t Lowest temperatures on passageways near fans were 
a] On north side, surge tanks reduce entrainment air 
16 F difference 


North 40 F, South 
thus explaining the 


Coal-Handling Experiences 


Che fair-weather boat slip handled some forty 6500 
ton cargoes during mid-summer without incident 
Simply once did bypassing to Port Washington occur, and 
that was due to a question concerning dredging early in 
the period. More bypassing is expected when spring and 
fall shipments occur, but there is nothing to indicate 
that the plan is other than thoroughly practical. The 
time required from nearing the turning pile to the start 
of unloading is one-half hour. Departure is made in 
about 5 minutes. The total time is less than one-half 
that at Port Washington. On the relatively short haul 
from South Chicago this lesser time permits over 2 per 
cent more tonnage capacity, which adds substantially 
to the net income of a ship. Calculations indicate that 
on a short haul, because of the short unloading time of a 
self-unloader ship, it can transport coal at less cost than 
a bulk freighter 
long hauls 

Spontaneous heating of the 4 per cent sulphur West 
Kentucky coal caused dustiness and vapor troubles when 
conveying it into the plant after its long period of stor 
age, worsened by the two-month turbine outage. The 
southern Illinois coal of 1'/» per cent sulpur, packed into 
the inactive storage at the far extremity of the dock, 
remained positively cold. For the unpacked active 
storage coal, early plans of injecting flue gas via drains 


can his is not true, of course, for 


along the conveyor tunnel will be consummated this 
season, principally to reduce the need of two-month 
of the pile above the conveyor as has been 
with the 4 per cent sulfur coal at Port 
Further, this higher sulfur coal will be 
burned the and the lower 
sulfur coal will be stored for the winter period. Port 
affords good assurance that a 
thoroughly Height 


clean-up 
found desirable 
Washington 
during navigation season, 
Washington experience 

100-ft-high pile will be 
reduces moving distance 


practical 


Conclusions 


the several new 
than the 


power 


In general, the major objectives of 
more normal 


new 


designs were reached without 
trouble that usually 
rhe principal troubles were experienced with conven 


accompanies plants 


tional apparatus or with parts in no way influenced by 


the change in design 





I up rienced engiiecr re alt your service day and 
night. They diagnose the trouble pres ribe and ad 
minister the cure for maintenance cleaning proble ms 


NO SHUTDOW 


FOR CLEANIN 


Scale removed chemically from caustic 





tanks and coolers while units continued 


specially equipped trucks provide all the necessary 


to operate. Full capacity restored. equipment for modern chemical cleaning operations Solvents 
ipplied according to the technique demanded by the 
hlling spraying, jetting ca scading or vaporizing 


lime and time again Dowell Service has proved that solvents into the units through regular connections 
industrial equipment—heat transfer units, boilers without dismantling. No scaffolding was necessary. 
tanks—can be cleaned quickly and effectively with Caustic production was continued during the job. 
chemicals. Take this case for example. Dowell was Operations were curtailed only slightly. The tanks 
called in to clean some caustic cooling tanks and and coils were restored to full cooling capacity in 
coils for a large chemical company. A reduction in less than 18 hours. 

cooling capacity and an increase in input pressure Whatever your cleaning problem—piping systems or 
indicated the equipment had become clogged with process equipment—call a Dowell engineer. He will 
scale. Sea water had been run through these coils as he glad to work with you—no obligation. For con 
the cooling agent, leaving iron and chloride deposits. sultation. contact your nearest Dowell office or write to 


Dowell engineers pumped specially prepared liquid DOWELL INCORPORATED, Tulsa 1, Oklahoma, Dept. [-25. 


DOWELL SERVICE 


chemical cleaning service for industry 


A SERVICE SUBSIDIARY OF THE DOW CHEMICAL COMPANY 
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The Voikka Steam Station 
A Modernized Industrial Steam Plant 
In Finland 


By GUNNAR HOGNAS 


This is an interesting account of power 
plant problerns encountered in a large 
paper mill in a country which must im- 
port most of its fuel supply. Reasons for 
selecting a pulverized-fuel-fired boiler are 
enumerated, and operating experiences 


are related. 


ind 


Thou 
lorest 


INLAND 1 ot only the Country of a 
Lakes It 1 
About 70 


1 OOO,000 hectar 


lor its extensive 
territory, or approximately 
forests Of this 


ibout 


pe! 
ered with 
cent 1 vned by private 


the ( ment, 


ind the rer ice ywelongs 


pe rson 


ibout 57 per 


44 per cent by ibout 7 per cent by in 
to municipalities and 
the 


wood industry 


dustry 
ts gi raw material for most im 
the 


export 


parishe Fore 
the count: industries 
t Finland 
d tu duct 
ikevhtidé-K mene \ktiebolag 1 
onipamies in the countr 


od 


portant ol 


than consist 


More 


SU) per cel 
I 


pulp, paper at 
Kymin O 

foremost pulp and pet 

company was founded in 1872 when Finland's we 


the 
Phe 


Operating Engineer, Kymmene Aktiebolag 


working industries were first beginning to develop 
Kymmene Aktiebolag owns several mills, the most im 
portant ones being situated along the Kymmene Rivet 
a river abounding in waterfalls and a center of one of 
the most vital industrial areas in the country 

rhe total production of the company 1s at 
present approaching 180,000 metri 
this about 125,000 metric tons is newsprint 


of which more 


yearly 
tons of paper ol 
and 100,000 
than half 
Cellulose 


tons of sulfite cellulose, 
is used in the 
production will, in the near future, be 

10 000 \part from 


metric tons of cardboard and pasteboard, 9 O00 tand 


metru 


company's own paper mulls 


ibout 
11.000 


increased to 


metric tons this about 
sawn timber, 25,000 metric tons chemical produc t« 
produced 
35,000 
should 


ils 


ards 
tons metal products are 
ibout 


ind 20,000 metri 


The 


metre 


i peat bog producing 
tons of peat In addition to this it 


be mentioned that \ktiebolag 
ipproximately 65,000 kw ol developed wiuter 


company owns 
i year 


K ymmene has at 


di posal 
powel 
Voikka is one of the two mills in the municipality of 
K uusankoski on Kymmene The Voikka mull 
a paper mill, where practically the whole of the 
concentrated, 


River 


include 


production of newsprint 1: 


company 


Location of Voikka Steam Station 
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Exterior view showing characteristic Finnish landscape 


as well as a sulfite cellulose 

tion of 50,000 tons 
Voikka paper mill was 
1054 

width of 212 in., 


mill with an annual produc 
enlarged and modernized be 
tween the years ind 1936 [wo newsprint ma 
manufactured by the 
Ltd., 
been improved, especially since 
been possible to increase their 
1440 It per \part 


from these two up-to-date paper machines, Voikka has 


chines with a 


English firm of Walmsleys (Bury were installed 


machines have 
so that it has 


speed up to approximately 


These 
the war, 
min 
four smaller machines of older design 
In the cellulose mill there 
ft each for indirect cooking 
Voikka 
extraction turbine of 
10,000 kw 


ire four digesters of 9700 cu 


steam turbines; one backpressure 


000 kw 


has two 
ind one condensing tur 
bine of 


Steam Consumption 


Che steam plant must provide steam for paper ma 
chines, cellulose digesting, heating, et 
fact that Kymmene Aktiebolag, as 
owns hydroelectric power 


In spite of the 
mentioned above, 
stations of considerable ca 


pacity, steam is also required for generating electri 
power, and during years of reduced water supply the 
company is largely dependent on steam power rhe 
situation is further complicated by thie fact that Kym 
mene River basin has few or no possibilities for storing 
ot water 


Approximately 110,000 Ib per hr of 


psig i 
big paper machines and various kinds of heaters. The 
older 
the feedwater 


back pressure 


steam at 17 required Consumers are the two 


paper machine cellulose mill, ete., as well as 


heaters use steam at 
of the turbine 
ibout 132,000 


rhe total require 


deaerator and 


50 psig, which is the extraction pressure 
rhe requirement for extraction steam 1s 
lb per hr at full winter production 
ment tor 
about 242,000 Ib per hr at full production 


turbine 


turbine, is 
As the back 


maximum requirement on the 


steam, excluding the condensing 


pressure has a 
high-pressure side of 199,000 Ib of steam per hr at an 


admission pressure of 430 psig and temperature of 750 F, 


52 


there is no possibility to make use of the entire steam 
requirement of the plant for generating of cheap back 
pressure power 

At full load the condensing turbine uses nearly 100,000 
During the 
low-water period, when there is a shortage of power and 


lb per hr of steam at 430 psig and 750 F 


when the generating capacity of the condensing turbine 
is also required, the total requirement for steam in 
Voikka increases to 342,000 Ib per hr 


Fuel 


Coal is the principal fuel consumed by Finnish in 
although recently fuel oil has also gained rather 
While 


in Finland, wood is considered more valuable as a re 


dustry 


extensive use there is an abundance of forests 


source for the pulp and timber industry than as a fuel 


What is burned is mainly in the form of waste timber, 


sawmill waste, barking-drum waste and other timber 


refuse The country has ample resources of peat bogs, 
but peat has, at least until now, been cut only to a limited 
In the field of peat cutting Kymmene Aktie 


Che whole 


degree 
bolag has been and still is one of the pioneers 
of the company’s peat production is burned in its own 
steam plants 

Finland has no coal or oil deposits of its own and is 
completely dependent on imports rhe choice of sup 
pliers is dictated by changes in commercial possibilities, 
and the obvious result is that the quality of the fuel var 
1es he country imports coal from England, U.S.A., 
Poland other The table below 


shows the extensive variation in coal qualities with which 


Germany, and areas 


the Finnish consumer has to reckon 


Total moisture 
Inherent moisture 
Ash (dry basi - 
Beginning of melting I 
Fusion point I 
Volatile matter 

ulfur / 2.5 1.5 
Sizing (duff and slack O-5/," 
Hardgrove Index 7 1) 58 
Air dry calorifx alue, Btu 

per Ib ! ; ll 
Net calorific value, Btu per 

Ib 10, 100-13 10.100-11,500 11,000 


00-12. 400 O13 000 


+000 


Fuel oil is also imported from different countries. 
Below ts an analysis of a common grade of oil 


at 68 I 
Viscosity, at 122 F, deg Engler 
Viscosity, at 212 F, deg Engler 
Flash point 

wlidification point 

Sulfur content 

Ash content 

M ture content 


pec. gravity 


] 
ole fant 
Botler Plan 


Voikka has four boilers which have been in operation 
They are all built for draft 
stack In the late last 
rebuilding of the boiler plant was started, steam condi 
750 F were adopted Boiler No 

built by Vickers Ltd., 
London, in 1927 is one of the oldest pulverized-fuel boilers 


natural 
1920's when the 


lor some years 


trom a 5SO-It 


tions of OOO psig, 


which was Boiler Company 


first boiler in Finland to have 
i bot 


in the country and was the 


i pressure as high as 500 psig rhe furnace has 
water-cooled 


the 


tom screen, three air-cooled walls and a 


rear wall Che six burners are placed vertically; 


boiler is thus a typical example of a pulverized-fuel in 


stallation of that period The original pulverized 
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View of turbine room 


fuel equipment ol German Kema manutacture was re 
placed in 1950 by a Kennedy van Saun unit. The 


icity is 77,000 Ib per hr 


maxi 
mum continuous steam cay 

Experiences with the first pulverized fuel boiler were 
boilers installed next 
stokers Boiler No. 4 


not very successful Phe wert 

equipped with chain-grat 

built by the German firm Krupp in 1929 and boiler No 

> by British Babcock & Wilcox in 1935 
continuous steam capac 77,000 Ib per hr 

In 1942 boiler N« ’ which is a two-drum, bent-tube 

+] 


manutlactured b T 


was 


The maximum 


ity 1 


Finnish firm 
the 
and 
burned in it Its 


lrampella, 


boiler 
| 


was installed in the oldest part ol boiler house 


It was equipped with a step-grate, sawmill waste, 


barking-drum waste, peat, et iré 


capacity 1s approximately 33,000 Ib of steam per hr. 
| PI I 


Boiler No 

\t the same time as boiler No 
boiler house was enlarged and space was reserved for a 
boiler of the same size as boiler No. 5 By the late 1930's 
the boiler reserve was at times non-existent, but World 
War II prevented the installation of planned boiler 
No. 6. After the war, when the production of the mills 
was continuously increased, the situation became un 
tenable The years 1947 and 1948 were most difficult. 
\t that time an abnormally long period of low water was 
experienced throughout the country with considerable 


2 replaced two small step-grate boilers. 
5 was installed, the 


of electric rhe shortage was felt even 


there had not yet been time enough to replace 


short ive power 


more, a 


Plan view of station 
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had been lost 


ceding of 


the hydroelectric power stations which 


to Russia in connection with the territory 


For the 


orable 


condensing turbine there was under most fay 


team for only half of its capacity 
had to be 


was not 


condition 
deficit 
ind thi 
est disturbance in the 


Che power bought from outside at a 


high price, ilways possible rhe small 


boiler house caused a decrease in 


the factory's production, and disturbances in the over 
loaded botler 


The management of the 


was innumerable 
did all that was in 


ind dirty 
company 


their power to bring about an improvement As soot 


iS circumstances especially the foreign currency situ 


1 decision was mad 
qency boiler More than 
International Bank that enabled this purchase 
Today 


boule 


ition —allowed to buy a high-effi 


invthing else it was the loan 
from the 


to be made |S years after space had been set 


iside for a new i boiler of quite different design 
ind of completely different qualities has been erected 


in) this area 


lhe Veu Bo er 


indicated that the capacity of the new boiler 
155,000 to 175,000 Ib of steam 


tudu 
hould be 
per hia rhis 


in the range ol 


capacity was considered suitable partly u 
ictual demand and partly in view of the fu 
full demand of the factory was 


sibly 
igned so th 


row of the 


ture when the to be sati 
third one in 


t the steam 


fied by two similar units, po with a 


reserve The boiler was to be de 
pressure at superheater outlet was 010 psig and the steam 
temperature OOO | Dhese team data are considered 
circumstance lor 


both 


the most advantageous in Finnish 


industrial plants of the size described which burn 


mal of the extremely varying quality and fuel oi] 
Phere limitations, particularly 
had to be fitted 


i unit of much smal 


were Vey vere pace 


with respect to headroon Phe boiler 


mto an area originally mtended tor 


ler 176 


Cross-section view showing how new boiler was fitted into 
existing building with limited head room 


Che buyer preferred to place an order for a pulverize 
boiler It is that a chain-grate-fired 
been considered but 


fuel-fired tric 


unit might have a pulverized-fuel 


boiler was preferred, for the following reasons 


|) Variations in the quality of coal. Th: 
sity to be able to burn low quality coals during long 
periods must be taken into account. It is true that coal 
of lower quality than that for which the boiler is cor 
boiler, but it 


substantial de 


neces 


structed can be burned also in chain-grats 


is inevitably done at the cost of a more 
crease in efliciency and capacity than is the case with 
1 pulverized-fuel boiler under similar circumstances 
\bove all, it 
rise disproportionately in a 
hardly be doubted that, under unfavorable circumstancs 


a better boiler 


losses due to carbon in refuse that 


stoker-fired boiler It can 


is the 


1 


with respect to fuel, availability can be 


maintained in a pulverized-fuel boiler than in a chain 
Ash deposits on the tubes in pulverized 


grate boiler 


fuel boiler are considerably less serious than in a char 


grate boiler Chis has been proved in the years during 


ind after the war as conclusively as can be desired \ 


iously, both fuel burning are e1 


the pl mnt 


noted pre, types ol 


ploved by Only inferior qualities of coal 


could be obtained during this period, and the boiler 


were pre ed to the utmost 


') The 


the major pr 


chine the \ 


load. 


paper Ma 


steam 
to the 
iriations of the team load 
\ pulverized-fuel boiler 
than a 
however, 1s true only down to a certain limit 


If the mimimum limit for the capacity of the pulverized 


rapid variations of 
wtion of the team go 
may be ver 


ramid and rather extensive 


with these iriations better tep-grate 


‘ nh Cops 


boiler: thi 


passed, the balance may be regulated by 


} 


irt ol the 


fuel boiler 1s 


taking p burners out cf operation. In a fully 


ooled furnace there ts always a danger of an un 


water-<« 


stable coal flame and incomplete combustion when the 


load goes below a certain minimum 
Use of automatic 


suitable for 


lurnace 
control. Pulverized-fuel 
iutomats« 


\utomats 


iring 1 combustion con 
trol than 
in maintain the highest possible average efficiency at the 
load In 


high, the question of 


more 


chain-grate firing control only 


wick iniations of steam Finland, where the 


ost of fuel i iutomatic control 


ol exception il imnportance 
The ibove | | 


mentioned d\ considers 
ore unportant 


undoubted! 


intage were 


than the drawbacks that 


» with a pulverized-fuel boiler Extensive consumpti 


threat of « rule 


How 


enti 


xplosior ire i i 


of power, wear and 


considered the most important of the drawback 


considerable these disadvant ive ire 


on the 
i disady 


depends « 
quality of the pulverized-fuel equipment 


intage must also be mentioned minimum 1 
noted ibove 

The pp 
originally intended for a boiler of SS,000 to 99,006 
Above . t he 


being only 66 ft Phi 


if only pulverized coal is used 

we reserved for the new boiler was inadequate 
It wa 
lb of steam per hr with natural draft 
height appe 
contributed to the 


ired insufhcent, it ' 
i Combu 
which is of low 
hould be 


demands tor 


decision to choose 
Vl rh 


was don it 


buver 
ype boiler 
this 
ition of the 


ind high efficiency On the contrary, the manu 


Engineering 
But 
modifi 


tion 
construction pointe 
out, without secure 
eration 
point out the great advantag 


As the boiler is of standard 


facturer was able to 


of the boiler u both re spec ts 
units of different sizes are 


of which hundreds of 
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fey sy _ 
ibid 


Firing aisle showing burners and coal feeder 


in use, it was easy to get references. During periods of 
very low steam demand, one of the old boilers, one of 
on line, could take the load 
it was considered impractical 
which the other 


have 


which at least must be 


Under such circumstances 
boiler 


to heighten the concrete roof, 


types called for and which would increased the 


cost consider ibly 
L000 
lo begin with, the operating pressure at the supe rheater 


Che design pressure of the new boiler is 


psig 


outlet will be about 450 psig and the steam temperature 
750 F As it 
with the old 
the future the steam pr ure 


is, the boiler will be in operation simul 


taneously boilers and steam turbines. In 


will be increased to 910 


psig and the steam temperature to 896 F In both cases 


the capacity is, at continuous operation, 160,000 Ib per 


hy Conversion to a higher steam pressure and tem 


perature calls for enlargement of the superheater as well 


is raising the feedwater temperature 


Characteristic of “C-E Vertical-Unit Boiler, y pe 
VU-50 


is without 


is its compact de which, among other things, 


outside dow risers It 4 i 
bank 


and the 


and 


nceomers 


two-drum boiler with ertical tube where the 


tubes rest ol 


consist I ill 


Phe he it! 


downcomer 


}-in. tubes urface of the boiler proper 


is 16,065 sq it 
ooled with the tubs 


Screen tubes, which 


Che furnace is fully water bank 

of the boiler as ! wall it the 
ime time act r the walls and the roof, protect 
the ash pit below against overheating, and cool the ashes 
© that 


heating surtace of the 


sintering down in the ashpit is avoided The 
ling walls is 4450 sq ft and the 


it full load 
20 500 


volume of the furnace 1 1.320 cu ft which 


is equivalent to a furnace load of approximately 


Btu per cu ft per hr 


with the element 


rhis suspended, inter 


Che superheater 1 | y pe 


welded together 


COMBUST IO N—September 1954 


bank superheater is supported by steel construction, 


located entirely outside the boiler It is connected with 
tubes and spread out 
Che heating 


Superheat 


the steam drum by sixteen 3-in 


over the entire length of the steam drum 
surface of the superheater IS bO20 Sq ft 
temperature 1s regulated by water-cooled dampers which 
allow a part of the flue gases to bypass the superheater 
Che economizer is rather small with only 1828 sq ft 
is ol 


Elesco finned-steel-tube con 


4 fF 


heating surface It 


truction rhe feedwater inlet temperature is 


Che full operation pressure 910 psig corresponds to the 
feedwater temperature of 338 F which requires a feed 
water heater with |OO-psig steam 

rhe tubular airheater is divided into two sections and 
has a heating surface of 37,100 sq It 

rhe dust collector is located behind the first part of 
the air preheater and is of Western Precipitation manu 
facture It is of the Multiclone design equipped with 
fi-in. * 24-in. collecting tubes 
fans are both of Westing 


SY.000 cim at 


and forced-draft 
Sturtevant manutacture tor 
97,900 cim at 10 


Che induced-draft fan is equipped with a hydraulic cou 


Induced 
house lan 


wep. and )-in. wW.p., respectively 
pling which can be controlled from the panel board on 
the operating floor 

The coal bunker 


cast 


forms a part of the building and 1 
150 tons of coal 


§ consumption 


in concrete It has a capacity of 


which is sufficient for about one day 
Phe coal passes through in automatic coal seal supplied 
by Richardson Seale Company 

Phere 
capacity of approximately 13,000 lb of coal per hour with 


and ) 


ire two C-E Raymond bowl mills having a 


cent moisture Hardgrove grindability 


mill exhausters is carried to two C-E type 
front wall of the 
furnishe 


l4 per 

Coal from the 

R burners in the 
\ Peabody 

C-] RO mechanical 

the center of each pulverized 

half load of the 


lurnace 

the fuel oil to 
nl burner located in 
About one 


with oil 


oil-burning set 
type itomuzing 
coal burner 


boiler can be maintained 





Installation of bow! mills 


retractable and the rotary 


blowers are 


Vulcan soot blowers of the 


type are installed The soot controlled 
automatically from an electrically driven center. 

Motors for the induced-draft fan and the coal mills 
are of the squirrel-cage type, manufactured by the 
Finnish firm O/Y Strémberg A/B 

Che feedwater piping ind steam piping, connec ted to 
Mannes 


piping was complicated by 


the new boiler, are made by the German firm 


mann The design of the 
the necessity of having to idapt it to systems operating 
at two different pre: rhe piping 


partially connected to the present system which is based 


sures new must be 
on 500-psig steam pressure and will not be revised for a 
number of It must also be possible to connect 


the newly built piping with minimum alterations to the 


years 


new system which is based on 910-psig steam pressure 
rhe new high-pressure pipe lines are completely welded; 
only a small number of valves, the main steam valve in 


cluded, have flanged connections 


Instrumentation 


systems tor the 
Meter 
controlled by a 


Che instruments and the control 


boiler are furnished by The Bailey Company 
The rate 
troller which measures the 


rhe master controller sends its impulses both 


of combustion is master con 
steam pressure alter the super 
heater 
to the fuel side (feeders for the mills, exhauster damp rs 
to the he 


damper boiler 


ilve) and gas sick 


rhe 


flow 


and fuel oil control 
latter 
meter 
steam flow, thus making the 


is controlled by an I.D 
and 
load 
boiler the 
together on the I.D 


maintains proper relation between air 


combustion at every 


as economical meter and 


“us possible The 


master controller are working 
damper The F.D 
draft 


ilso be 


damper ts operated by a furnace 


controller In the future, the other boilers can 


controlled by the same master controller 


Bailey 
works 


The feedwater control valve is operated by a 
rhis 


ind water flow and making a 


three-element feedwater control system 


by comparing steam flow 
correction from the 
The 


heater bypass damper 
from the gas flow and the steam temperature 


drum level 
is controlled by the 
Chis controller gets its impulse 


steam temperature super 


rhe temperature of the pulverized fuel on each mill 
is controlled by a temperature controller operating cold 
and hot air dampers before the mills 

In order to keep the temperature of the fluc 


can be recir 


gases 


above the dew point at all times, the air 


56 


culated in the heater by using an air bypass damper 
which is operated in response to flue-gas temperature 

ro secure reliable and trouble-free service from pneu 
controllers, it is necessary to have a supply of 
rhis 
special instrument air 
rings, 
pacity ol 


three boilers 


mati 


clean oil-free air is accomplished by using a 
with carbon 
Rand. It 


at SO psig which is sufficient for 


compressor piston 


manufactured by Ingersoll has a ca 


127 cfm air 


Experiences with the New Boiler 


he installation of boiler No. 6 was begun in March, 
1952 
by the superintendent of 
(Mr. B. Duncan). We 
February 1953. The 
months, controlled by the C-E 
Andersson Phe automatic control was adjusted by the 
Bailey Meters (Mr. C. H. Norman 
who controlled the operations for two and a half months 
Ihe official boiler tests were run on the 24th to 2Sth 
of March 1953, under the supervision of the Association 
of Fuel Power Economy (EKONO). The 
tests were undertaken with Polish coal of the following 


It was done by the buyer’s own men supervised 
the boiler 
able to start the boiler in 
first 


manufacturer 
were 
operation was, during the 
s service engineer (Mr. K 


service engineer 


and main 
qu ilities 


Total moisture ! 


Ash content 2.1 

Volatile matter 42.7 

Air dry calorifi alue 11,300 Btu per it 

Net calorific value 10,800 Btu per Ib 

rhe test results showed that the boiler, in most re 
spects, met the requirements that had been expected 
from it rhe efficiency was approximately 92 per cent 
equivalent to approximately SS per cent counted on the 
calorimetric value 
he consumed heat was divided as follows 
Preheating of water in economizer 


I sporation 


iperheating of stean 


And losses 

ree heat nm gase to the tack ) ) 

Amount unburnt in gases to the stack minus amount un 

burnt in ashe the part that could be collected 16-1 4 

Residue losses (in fly ash, soot, radiation and conductivity) 0.8-1.9 

he steam temperature rose to 780 F in spite of the 
fact that the 
rhe air temperature 
rise to the calculated 


I: 


bypass damper s baffles were fully open 
behind the 
14 F 


air-preheater did not 
110 


but stayed between 12 


rhe boiler has been in operation for about one year 


e od jm: 2 & 


os0e0060606 
” = 2.6. - Ld 


ro) 


Panel control board for new boiler (No. 6) 


September 1954—-C OM BUSTION 




















have been able to burn both 
This has 
control easier, and the boiler has 
been capable of coping, without undue difficulties, with 


Practically all the 
pulverized coal and fuel oil simultaneously. 
naturally made the 


time we 


ill the load variations of the boiler house. These varia 
tions are at times so extensive that they must be di 

ided between two boilers, if pulverized coal only is used 
In other respects the boiler has, with the exception of a 
few solitary The 
only considerable mishap we have experienced occurred 


A fire broke 
ut around the pulverized fuel nozzle and the secondary 


disturbances, operated satisfactorily 


when one of the burners was destroved. 


ur vanes. Pulverized coal had in all probability leaked 


out to the air chamber where a jet flame within seconds 
caused the destruction 
Che air heater outlet has a tendency to plug up in 
its coldest part notwithstanding the fact that we have 
been with the hot air recirculation damper 
rhe tubes must be cleaned 


the tubes are not of corrosion 


running 
open almost all the tim 
month As 
fear that this will become a source 


every three 
resistant material, we 
of trouble 

controls has been satis 


The operation of the boilet 


factory. A well-planned maintenance program is essential 


for keeping such a complicated system of instruments 
in the best possible repair 


kk vad 


manual control of the 


During periods of extremely 
to change over to 
of the 1.D 
iround the pulverized-coal 
load 


itable when pulverized coal is 


rapid variation it 18 necessary 


peed 


fan 


Che secondary d imper 


burners must be adjusted manually with major 


variations. This ts ine 
burned alone, if the best possible flame is wanted. In 


case of sudden and frequently repeated variations a 


great deal of troublk iused by the manual control; 
it a sudden decrease there is impending danger of the 
has, therefore, been suggested to 
is well to the boiler 


add to the 


flame going out. It 
couple the secondary 
This 


security in burning pulverized coal alone 


d imipers 


control would in all probability 


Purt/ 


tion of Feedwater 


a rule 
approximately 


Water in Finnish rivers and lakes is as very 


suitable for feedwater 
dH (10 ppm CaO 


Hardness 1s 
Most of the trouble is caused by 


organic substances equaling a KMnO,-consumption of 
10-100 mg/liter The silicate-content can also become 
troublesome In the Kymmene River the KMnQ, 
consumption 1s 45-60 1 liter and the S1O,-content 3-4 


mg, liter 

In connection Voikka 
the feedwater treatment plant has been 
the old plant, which was built 


with the modernization of the 


boiler house ; 
completely renewed Ff 
by the German firm of Balcke in 1935, the hardness of 


the water was counteracted by the use of NaOH-Na,PO 


in the reactors. Deaeration took place in a vacuum 
his purification method is inadequate for 910-psig 
boiler pressure 

In the new plant the organic matter is coagulated with 
iluminum sulfate gerit Che coagulants, together 
with impurities, are removed in the raw water filters 


which are filled with anthracite Ihe water goes through 
the Balcke ion exchangers, passes the blow-down and 
preheaters and enters the 


175 F After the 


drain coolers as well as the 


deaerator at a temperature of about 
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deaerator NaOH is added which raises pH of the feed 
water to 9-10. In eliminate last 
oxygen, hydrazine sulfite ) 
added here. This is not yet done at the low boiler pres 
sure NasPO, is fed directly into the steam drum 

lo date it is impossible to determine how effective 
this purification method will be for a 910-psig boiler 
pressure, for which the purification plant is designed 


order to traces ol 


(possibly sodium may be 


Operating experience has shown it to be satisfactory for 
\n inspection of boiler 
the lower pressure 


a boiler pressure of 500-psig 
No. 6 after 


disclosed no trace of deposits or corrosion 


5 months operation at 


Ash Handling 


In chain-grate-fired boilers the ash goes through an ash 
spray These wet ashes are taken in a van to an ash 
elevator which empties them into a separate container 
Che ash elevator, supplied by the German firm of Stohr, 
and the ash container are new 

When the decision was made concerning disposal of 
the dry fly ash, the choice was between a hydraulic and 
Phe hydraulic 
be accepted for the following reasons 


a pneumatic system system could not 


rhe factory is situated along a river with a great num 
With the hy 


i risk of contaminating 


ber of industrial plants downstream 


draulic system there is always 
nearby waters, and this threat is even greater if sulfite 
waste liquor is burned, for the ashes of this process coag 
very slowly. That possibility must be taken into 


consideration where 


ulate 
there is a sulfite cellulose mill 

rhe company consequently decided upon a pneumatic 
ash-handling system his has been delivered by The 
United Conveyor Corporation 
piping 
exhauster 


The dry ashes are con 


veyed in a system by air flow produced by a 
steam-operated 
Che consulting engineers for the modernization proj 


ect were Stadler, Hurter & Co. of Montreal, Canada 


4 





Another exterior view of the station 








This Bailey Boiler Control 
Panel insures high efficiency 
in the use of Fuel-Dollars at 
a Western Chemical Plant. 


What's Your Fuel-dollar Efficiency? 


A dollar's worth of fuel has the same potential 
energy, no matter who's boiler it fires. But how 
much of the energy actually gets converted to 
a usable form depends on how you operate 


your boiler. 


That's where Bailey Controls can help. And, 
here's why, we believe, you'll get better fuel- 


dollar efficiency with Bailey: 


1. Complete Range of Equipment — fully 
co-ordinated. You need never worry that 
a Bailey Engineer's recommendation is 
slanted in favor of a particular type of 
equipment, just because he has a limited 
line to sell—or that Bailey will pass the 
buck for efficient control; we offer complete 


boiler control systems. 


2. Engineering Service—backed by experi- 
ence. No other manufacturer of instru- 
ments and controls can offer as broad an 
experience, based on successful installations 
involving all types of combustion, flow 


measurement and automatic control. 


3. Direct Sales-Service — conveniently lo- 
cated near you. Bailey Meter Company's 


Sales-Service Engineers are located in more 


industrial centers than those of any other 
manufacturer of boiler control systems; you 
get prompt, experienced service with a min- 


imum of travel time and expense. 


lor better fuel-dollar efficieney for more 
power per fuel-dollar, less outage and safer 
working conditions, you owe it to yourself to 


Ask a Bailey En- 


gineer to arrange a visit to a nearby Bailey in- 


investigate Bailey Controls. 


stallation. We're proud to stand on our record: 


More power to you!” 


IVANHOE ROAD 
10, OHIO 


1 Ste Plant 
407 wil an taald 
me NS w ~ 
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Fig. |—Schematic drawing of a traveling-grate stoker pictures the ideal cross- Fig. 2—Test furnace above directed 
feed ignition plane, AB, as contrasted to the actual, plane AC, caused by a air horizontally across fuel bed from 
moving grate plenum chamber 


Pure Crossfeed Ignition in Fuel Beds 


By E. G. GRAF E. P. CARMAN 


Fuels Technology Div., Region VIII, U.S. Bureau Fuels and Explosives Div., U. S. Bureau of Mines 
of Mines 


and R. C. COREY 
Chief, Fuels Technology Div., Region VIII, 


U. S. Bureau of Mines 


which this paper now report 


Here, in the first factual data on record, the ignition and burning o1 


oe ‘ih Crossfeed | y zed by gnit ne 
third method of fuel-bed firing, crossfeed igni- rossfeed burning is characterized by the ignition plan 
; > : J moving perp ndicular to the direction of flow of the ai 
tion, reveals ignition rates that continue in- 

(often this mode of burning 1s used improperly, to desig 


creasing at air feeds fromm 500 to 1200 lb per sq nate the combustion process on a traveling grate. Re 


ft per hr, way beyond those of traditional grate ‘erring to the schematic drawing of a traveling grate 
' — stoker, Fig. |, ignition plane A-B represents ideal cross 
burning methods hampered by lifting fuel beds. | 
By-é . feed ignition Actually, the ignition plane inclines, a 
Further studies seern promising for this method = ..w1, jy, plane A-C, owing to the horizontal movement 
where fuel bed can be any thickness and there of the fuel bed, and the mode of ignition and burning i 
are no moving parts underteed We define the slope of the ignition plane 
is the angle whose tangent is r, r,, where ry 1s rate of 
ignition travel and +r, 1s the rate ol yrate travel vi 
dently, the ignition plane would approach the horizontal 
IRTUALLY 1 york was done on investigating if the grate were speeded up It would then resemblk 
the modes of burning on grates until H. Kreitsinger conditions in a pot-type furnace, which other investiga 
et al., made the ical studies at the Bureau of tors used for fundamental studies of fuel bed processe 
Mine i O16 While he and his co-workers wer The conditions that produce ideal crossfeed ignition 
concerned with the characteristics of the overfeed mode ind burning on a traveling grate raise interesting 
of burning coal, P. Nicholl several British investiga considerations Imagine that the fuel 1s burning under 
tor nd later Car 1 and Reid® devoted their u teady state conditions with a given grate speed and 
terest to the problem inderteed ignition and burning ur rate, and that the ignition plane ts that represented by 
But there remain t third basic mode—crossfeed plane A-(¢ Now progressively decrease grate speed but 
Dp gham, A i iE erature rin Pu 
b I we J 
! j Burea {Mu ; lark A 1 ’ f ul on nf 
r H Ka H ! Rat : ker / | ya ) { 
I / ry 1/39. Bure (M ; . 
5 junnmir am, A I flecting tl lemper 
Pre ‘ k P 4 
" I r t { I } i ru i i 
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PROPERTII AND PROXIMATE AN 


OF PURI rRSTED 


TABLE I|--PHYSICAI 
High High 

tempera olatile mtumimous 
Type of Fue ture Anthracite A Coal B Coal 
ize range, inches s ¥ ‘ o & 4 . 
Bulk density, Ib/eu ft , 77) 0 “« 
Void volume, per cent uv ( 1s 
Proximate analys 


Volatile matter 

Pixned carbon 

Ash 

Ash softening tempera 


ture PV, approximate 


maintain the same air rate The slope of the ignition 
plane, A-C, become 
reached B; at this point the entire bed will have been 


Phere will then be a vertical plane, A-B, bound 


progressively greater until C has 


ignited 
ing the raw and the ignited fuel 

Evidently for some relatively low grate speed and for 
some given rate the ignition plane A-B 
would remain vertical 
equilibrium the grat 


zontal rate of ignition travel, r, 


primary air 
ind stationary In this state of 


speed, r,, would equal the hori 


Owing to the experimental difficulties of measuring 
ry, in terms of r,, experiments were conducted in a station 
ary bed in a manner that permitted direct measurement 
this 
behavior of 


ol ry The objective of work, which is reported 


here, was to evaluate the four coals of 


different rank under conditions of ideal crossfeed ignition 


ind therefore to complement previous studies of the 


other two modes of combustion, overfeed and under 


feed 
It should be 
cerned only with the rate of travel of the ignition plane, 


noted that this investigation was con 


ind no effort was made to determine the weight of com 


bustible consumed during the ignition period 


lc knowledgement 


indebted to J]. |. Pteiffer, chemical 


engineer, Combustion Research Section, for assistance in 


The authors ar 


conducting the test 


? irrangement of the test furnace 
thick in the direction of air 


flow 


hig shows the 
rhe fuel bed measured 6.5 in 

flow, 12.75 in. high and 19 in 
directed horizontally from the plenum chamber through 
the tront bed Any 
matter and combustion products generated in 


wicle The air was 


grate and the unreacted air, the 
volatile 
the bed passed through the water-cooled grate upward 
to the 


observed at all 


exhaust hood \ portion of the fuel bed could be 


times through the spaces between the 


bars of the water-cooled grats Ihe relative opacity of 


the products of combustion, condensation on the grate 
bars, anc the progress ol combustion thus observed were 
important in interpreting the test data 

\ refractory-lined stack hood supported on a cornet 


jack 


access to the 


post resting on a hydraulic could be raised and 


moved aside to give fuel bed 


The desired air rates were maintained automatically 


by a regulating valve, operated by a mechanism under 


the control of the pressure differential across the measur 


ing orifice, as illustrated and described in a previous in 


vestigation.” 


rhe ignition temperatures in the bed were determined 


by 28-gauge chromel-alumel thermocouples inserted 


60 


through the firebrick bottom of the furnace. All of the 
ten couples were placed in the vertical middle plane of 
the bed, Fig. 2. One set of four couples was located in a 
line approximately one inch from the water-cooled grate, 
another set of four in a line about one inch from the rear 
grate, and the other two in a line down the center of the 


bed 
Procedure 


kx perimenta 


fuel bed was used 
2 he top layer 


For exploratory tests with coke, the 
without the refractory hopper in Fig 
a Glo-bar heated hood, brought up to a 
test and 
After establishing 


was ignited by 


predetermined temperature before the moved 


onto the furnace for initial ignition 


ignition to a depth of about to */,in., (indicated by 
the upper row of couples) the Glo-bar hood was moved 
aside to its original position, the top of the bed covered 
with a preheated plate of firebrick, the edges sealed with 
mortar, the exhaust hood transferred to the test furnacs 
and the blower started 

Temperature rise of the thermocouples in the respec 


tive levels was recorded up to temperatures at which the 


couples were destroyed, or at least up to 2000 F, depend 


ing on operating conditions \ 1000 F tsotherm plane 
in the fuel bed was chosen arbitrarily as the 
plane for all tests No 


temperature between 600 and 


ignition 


serious error would occur if a 


100 F were chosen since 
the rate of temperature rise in this range is very steep 
While it would have been desirable to secure frequent gas 
; during each test to compute burning rates, it is 
that the 


ind ignited fuel, the 


sampl 
evident air passes through both green 
fuel 


time, 


primary 


ratio of these varying with 
ind gas sample s would not represent combu tible 
burned 


When air 


sumption of the fuel in the combustion zone became so 


rates over 400 Ib sq ft hr were used, con 


maldistribution of the iif developed is a 


rapid that 
result of empty spaces created in the top ol the bed 
igniting 


Consequently we devised a new te hnique lor 


ind maintaining the bed depth he furnace was pro 
vided with the firebrick hopper, Fig 


capacity ol SO per cent of that of the bed proper 


having a fuel 
Initial 
ignition was then accomplished by spreading a layer of 
00 F) coke on top ol the bed 


Chis coke was prepared in a small glass-heated furnace 


incandescent (about 


This hopper then was filled quickly with crushed re 


fractory, which was of the same size consist as the fuel 
Finally, the cover plate was sealed quickly in place and 
the test started 
with all of the 

rhe fuels used in the study included one high-tempera 
coke, a high-volatile ‘‘A 


subbituminous “B Table I 


Chis procedurt proved Ssatistactory 


fuels tested 
coal, and i 


ture in anthracite 


coal, 


Result 


One of the first observations made was determination 
of the slope of the ignition plane at any given time, as 
indicated by the thermocouples in the bed. With high 
coke VO Ib/sq ft/hr the 


plane sloped as Che slope 


temperature and an air rate of 


became 
steeper as the air level be 
tween air rates of LOO and 10001b sq it hr, as exemplified 
in Fig With anthra 
cite, the ignition plane was sloped up to an air rate of 
about 200 Ib sq ft/hr and level above this value rests 


shown in Fig. 3 


rate decreased but became 


} for an air rate of 340 Ib/sq ft /hr 
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} Air rate 50 Ib 
per sq. ft., hr = per sq. ft., hr 

d. afte: = hr : after 1 hr 
4 he ; = b. after 2 hr 
3 ==, c. after 3 hr 
4 


Air rate 340 Ib 


e. after 


f. after = hr 


Fig. 3—Ignition plane shifts as air 

rates are changed. Solid lines show 

shift for 50 lb, dotted for 340 lb air 
rates through bed 


subbituminous “B" were 


ur rate of 400 Ib/sq ft/hr, and the 


ignition plane was found to be 


with high-volatile \ ind 


made only above il 
horizontal in each test and 
it any given time in each test 

Chis horizontal ignition plane was similar to that found 
underfeed 


im previous titve stigatior ol pure 


In both cases the plane traveled downward while remain 


ignition 


ing substantially horizontal. Since air flow and ignition 


travel were at right angles in these studies as contrasted 


to their opposed directions in underfeed ignition this 


observation 18 most interesting 


Che rates of ignition travel (in inches per hour) and 


quantity of combustible ignited, 
tested, as 


OOO F isotherms in the 


the rate of ignition 
, for the four fuel determined from 
bed, 


velocity in Fig. 4 rhis 


lb sq it hr 
the propagation rate of the 
ire plotted against the air mass 
shows, for com 
fuels 


figure also parison, the ignition rates of 


these same under conditions of pure underfeed 
burning 

inches per hour, Chart A, Fig 
L000 F 
ition in quantity of combusti 
Chart B, Fig. 4, 
bulk density of the 


lable | 


Che travel of ignition 
t, was determined by the propagation rate of the 
isotherm rhe rate of igi 
ble ignited, Ib was determined 
from the data of Chart A, the 


content, 


xy ft/hs 
yreen 


fuel bed and its combustiblk 


solid 
fuels tested would be 
B, high 
coke 


com 


sense olf reactivity ol 


of the 
subbituminou: 


In the usualiy 


fuels, the relative reactivit 
order follows 
inthracits ind 


these test evealed 


in descending 
volatile \ 


However, 


high-temperature 
this 
ne phenomenon has been noted 


order to be 


pletely reversed The sa 


under certain conditior in connection with underfeed 


these results are best explain d on 


Since 


ignition tests 
the basis of heat transfer, the role of heat transier, as 1t 
affects the the relat 


of ignition, will be 


rate and re direction of the plane 


briefly discussed 
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High temperature coke 
Anthracite 

High-volatie A bituminous 
subbiturminous B coal 


5/ l 0 1200 20K 400 ty am 1.000 
AIR MASS FLOW RATE, F ND PER HOUR. FOOT 


Fig. 4—Chart A, left, pictures the travel of the ignition plane in inches per hour 
for both pure crossfeed ignition and underfeed. 
travel to quantity of combustible ignited based on Chart A, the density of fuel 


Chart B, right, relates this 


bed, and its combustible content 


Hleat Transfer 


Ro fo; 


It is simplest first to consider an underfeed fuel bed 
Heat 1s three 


from the surface of the hotter particles and the surround 


transferred by modes: (a) radiation both 


ing luminous flame and nonluminous gases, (0) convection 


between the gases and the particles, and (¢c) conduction 


within individual particles and between contiguous 


part les 
Fig. 5 illustrates the 


is the primary 


inportance of surface radiation 
heat 


thermocouple between an 


mode of transfer in the ignition 


Zome The location of the 
ignited particle A and an unignited particle B is shown 
that the 


irbitrary ignition temperature of 1000 F 


and it 1s assumed thermocouple indicates the 
Che heat conducted downward through a layer of, for 


example, low-temperature coke of an average particle 


diameter of 0.25 in. with an assumed k& value of 0.1 
Btu /hr/ft/deg F, and an assumed temperature gradient 
of 1500 F, is about 2000 Btu sq it hy To simplify cal 
culation, the layer of cold parti les B was assumed to be 
replaced by a pertorated cin plate of coke having 
JU per cent open area 
The heat that could be 


in. particles to air of ambient temperature 


transferred by convection from 
the layer of 
passing upward can be estimated by using the conven 
tional formula for heat transfer between air and sphere: 


h D, (24 o6 
()..5.5 
Rk, ) 


My 


heat transfer coeftici 
particle diameter 

mass velocity of air 

heat conductivity of air film 
ibsolute viscosity of air at film temperature 


Phu for an average particle diameter of 0.02 ft 


0.25 in an air-film temperature of about 100 F, and 
ur mass flow of 200 Ib sq it hr, an A, value of about 4 


Btu ‘sq ft, hr/deg F is obtained. For an assumed average 
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temperature gradient between particles B and the air 
ol ibout 600 F ind a ul © area of 4 4 It ol particle 
4 per sq ft of cro ection, the heat transferred by cor 
ection from the irticl to the ur become 7000 
Btu a it hy writ rrespond te i temperature i 
crease ol 0) degree le for the ait 
ice the 0 erall he t-ty r rate Corl trolled by the 
maximum resistance to heat flow im the system, the air 
preheat will be limited by the heat conducted through 
the particles and absorbed by radiation at their surface 
Phe heat transter by conduction was shown earlier to be 
ibout 2000 Btu/sq tt/hr, which would give a tempera 
ture increase ol about 50 degrees rather than the AO cle 
yrees obtained b wert only the convection heat 
transier rate of 7000 Btu jp ft/ he 
Che effective radiant temperatures of the surface "1 
rounding the thermocouple junction can now be esti 
mated from the heat balances the thermocouple It 
iv i issumed that heat loss by radiation to gase 
ad heat conducty through the couple wires can be 
eglected The heat lost by the couple by convection 
to the aw then equals the heat received bv radiatior 
lr the radiant surlace 
j ”) “ ) 
if le | 
t he : f f erat 
heat tr f for , { 
} f for | ! 
yf | ‘ 
j n be caleulat t 7 tla tor forced « ‘ 
t to wire 
{) f/DAy 
) | 
\ 
the tollows lat 
wy2 f 
lot ‘ny I 
When the ibove re use juatio ; 
obtamed as 24 Btu/sa tt hr deg I 
mubstitutung thi lue and the onginal assumed value 
of 1000 F for the thern iple temperature in the 
rachant-heat-balans equator ’ vive itl equation 
with two unknow i The term &#&, can be 
represented approximate! i function of f; ‘1 
multaneous solution of the two functions by trial and error 
gives a value of 42 for ind 1700 for his latter 
ilue 1s the mean temperature of the surface urround 
i the thermocouplk 
The heat flow by radiation between the surfaces de 
yx | rm the temperature difference It this differences 
iS successively umed to be 200, 400 and 600 degrees | 
with a mean t npera ture 700 | the heat flow from 
puorta ke \ to parts le | der black-body conditions 1 
LOO SOOO and 42.000 Rtu oy ft hy respecti ely 
The / ilue 18 esse ill mstant at about 70 Btu sq 
it hr dew F for the dition 
Chis example imdicates that radiant-heat transfer | 
the mayor factor im rar the surface temperature of the 
colder particles B to the ignition temperature Because 
ol the poor thermal conductivity of coal it 1s probably 
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ery likely that the botto: urface the particl 
heated by multiple reradiation from surfaces below 
receiving radiant heat through the void The form 
ilso shows the influence of air rate on the indicated g 
tion temperature as being roughly of the order of the 


quare root of the air rat If, however, clouds of opaqu 
material, such as volatile matter, fill the voids, radia: 
heat transfer is markedly reduced by absorption Thi 
phenomenon would account for the fact that high-ten 


volatile 
pect to the rate 


had i 
to be more responsive 
el tha 


i high olatile content 


perature coke, which negligible content 


wa | with re 


hours 


f ignition tra ubbituminous B coal which had 


Phe upward slope of the ignition plane obtained with 


low air rate Fig might be explained, in the absence 
oft measurement ol ga fle W patterns by the combined 
effect of decreasing oxygen concentration along the 
ignition plane and the natural tendency of hot gases to 
rise rather than to proceed straight across the bed Phi 
explanation suggests that at low air rates the gas flow 
icross the bed is more nearly streamline than turbulent 
is regards overall effect The ignition planes becom 
more early horizontal with increasu ur rates | 
parently greater velocity of air through the voids result 
in more turbulent flow and in a mor irly horizontal 
flow of the hot gas« ind the am 

Oxygen appears to be supplied to the ignition plane 
exclusively from below the plane, except for a ver 
narrow zone along the air-inlet grat Expressed in 
iverage particl izes, the coke bed wa ibout 15 pal 
ticles thick in the direction of air flow Che beds with 
ther fuels ranged from 20 to 25 partick When ash 
distribution in the bed was studied, after cooling of the 


bed in the apparatus, which was kept tightly closed, it 
was evident that oxvgen must have been consumed 
within about one inch from the grate, corresponding t 

width ibout three to four particl 

) m Rate n Re on lo Reacti of Fue 

The twnition rates in the fuel beds tested Fig t i¢ 
creased in the following order: high-temperature cok: 
ubbituminou B coal inthracite ind high-volatil 
biturmmmous A coal, as originally determined 

In comparing the ignition rates obtained here with 
those obtained previously in pure underfeed ignitior 
distinction will be made between the results of the thre: 
free-burning fuels, namely high-temperature coke 
inthracite, and subbitumimous B coal, and the non-tfre« 
burning coal, high-volatile A bituminous coal 
crossteed inition rates obtamed for the latter coal 
iven in Fig. 4, are believed to be too low due to by 
ing of air, and that probably about SO per cent higher 
rates could be obtained if the testing procedure wer: 
modified to prevent uch bypassing An adjusted 
postulated value for the rate of ignition travel and for 
the rate of ignition shows on Fig. 4 as a light line Phi 
line 1s suggested as a guide to what might be expects 
with a moving bed where bypassing of air could b 
ivoided 

For primary air rates up to about 500 Ib/sq [t/hr th 
measured crossieed ignition rates of the three free-burn 
ing fuels are about 40 to 60 per cent, or roughly one-hallt 
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Types of heat flow 
o—— Radiant 
- Conductive 
° lipo ; 
eres \ 
( ; [ - \ Water-cooled grate 
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Fig. 5—Schematic view, above, pic- Fig. 6—Temperature gradient and zones of drying, devolatilization, ignition 
tures how the three heat-transfer and burning show for a bed of subbituminous coal. The clouds of evolved 
methods work between particles volatiles limit the amount of radiant heat transfer, Fig. 5 
those obtained in pure derfeed ignition The same till deviate rather widely Previous analysis of the 
figure would hold als« the high-volatile A coal if its effects of various modes of heat transfer between particles 
inition travel 1 idjuste noted above Chis phe in the ignition zone and the following analyses may help 
nomenon may be due to the air flowing turbulently along to explain these discrepancies and differences between 
the ignition plane, where products of combustion and of conventional reactivity data and observed burning rate 
levolatilization will dilute the air, thus tending to reduce in fuel beds 
temperatures in th nit Zor In addition, these Fig ( illustrate chematically the temperature 
products may also interfere with heat transfer by radia radient and the relative locations of the zones of drying, 
tion in this zone | it po ible in pure underteed devolatilization, tenition, and burning in a bed of sub 
ignition bitumimous B coal The clouds of volatiles evolved 
Generally, it can be st that with crossfeed ignition below the ignition zone will limit the amount of radiant 
ind with the bed restrict between two grates, rates ol heat transler between ignited and unignited fuel particle 
ignition equal t t eedit the maximums obtained therefore the rate of travel of the ignition plane will 
with pure underfee n can be reached if the am be retarded as compared to a fuel with a very low volatile 
rate ire increas ufficrentl For ex um ple high content Moreover, latent heat ol iporization ol the 
temperature coke icl maximum rate of ignition nomsture in the coal will absorb additional heat hese 
underteed of 71 Ib rat 100-Ib primary air rate phenomena in differing degree may be expected 
vill have the t gnition at a 1000-lb primary to occur with high-volatile A coal and any other fuel 
r rate under cr ditions Indication ire with appreciable volatile content Fig. 5 illustrates how 
t! the igniti rat r pure crossfeed ignition will in heat transter works in a fuel bed 
rease turther t rate is increased beyond the 
mu ir rate ce for use in these test 
lhe lowest t erat it which a small particle « Bi KLATIVI i IND “RI 
lid fuel ignite ite is a relative measure of 11 HI H 
reactivit Referriu lable I], this ignition temper 
ture en appre r the kinds of coal that were i ' 
used in these test I ll be noted that high-tempera ‘ ; obta 
ture coke had the hig { ition temperature 00 | ' “J ‘ | ! 
| therefore the lowest reactivity, and subbituminous B nition tra 
had the lowest ix perature, 400 J ind there By ¢ segeropb=e ; ’ 
ore the highest react However, the rate of 1enition © eis , a - ’ 
underfeed or in ct mbustion would be a more ns Salar ogy 
ratv 1 innche ft the re ity of the fuel, since the rate mbust 
gnition reflects t t of fuel consumed max. 
The m um 1 tes for both modes of ve 23 7 
bustion al re é lable I] It is evident that the oi 
relative reactivitic asis are completely reverses ; ft /he ; 
with re pect t the emperature cokes ma ib . hed yar —" . + fuse y ' a : 
bituminous B Phe hetween anthracite and rate , 
high-volatile \ bit nc the ubbituminou 'B 0) ait ft /he 0 44 
coals shows less disere from the conventional re Lo pa ty 
ictivity concept, but t tivities and ignition rate 
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Thigh ture Coke 


l emper 


Referring now to the high-temperature coke, the most 
that it had the 


of ignition of any of the fuels 


striking fact is highest experimentally 


determined crossfeed rate 
tested This may be 


a) The 


therefore radiant heat transferred between the particles 


iscribed to the following lactors 


volatile content of the coke was negligible, and 


in the ignition zone was not absorbed by opaque vapors 


in the void spaces: and (+) the temperature in the igni 
tion zone is believed to be higher with high-temperature 
coke than with bituminou 

rates, at least up to air rate 
been confirmed by 


coals, for given sizes and air 
s of 400 to 500 Ib/sq ft, hr 
Nicholls’ at a 


and 


This phenomenon ha 
350-lb aw rate (7 
chemical factors may explain the differences in behavior 


course idditional physical 


of high-temperature coke and low-rank bituminous coals, 
and further stucie: 
to obtain a complet 


of combustion in fuel beds are needed 
picture of the complex heat- and 


mass-transfer processes in such beds 


lnthracite 


rhe reasons given for high rates of ignition observed 
in pure crossfeed beds of coke would also appear to apply 
vet ignition rates for anthracite are 
coke m 


of combustible 


to beds of anthracit« 
about half those for nches per hour and about 
three-quarters in pound 

rhe most reasonable explanation for this appears to 
lie in the relatively large difference in thermal diffusivity 
of the two Phermal 
conductivity divided by the product of the density and 
solid. Since the bulk density of 


anthracite is roughly twice that of high-temperature coke, 


fuels diffusivity is the thermal 


the specific heat of a 


the thermal conductivity of the anthracite is roughly one 
third that of the coke, and since the specific heat of 
these materials is about the same, the thermal diffusivity 
of the coke would be anthra 
cite Accordingly, the 


about six times that of the 


rate of ignition, for a 


less for the 


given 


amount of radiation, would be anthracit 
than for the coke 
affected by the 
however 


conduction of heat within the particles and, as has pre 


in proportion as the ignition rate is 
two fuels 


with 


thermal diffusivity of the 


Since, thermal diffusivity is concerned 


viously been shown, radiation is the major factor in 


establishing rates of ignition, the effect of differences in 
thermal diffusivity will be much smaller than the six-to 
one ratio mentioned above 

rhe large effect of differences in bulk density is shown 
by the coke and 


anthracite in Charts A how 


position of the curves for 
ind B, Fig. 4 Note 


closer the curves are in chart B where compensation has 


relative 
much 


been made for differences in bulk density 


fuels that might 


igmition ol 


Another difference between these 


have appreciable effect on relative rates of 
coke and anthracit: 
Anthracite pieces tend to be flatter and more rectangular 
than the coke which 


Accordingly, the pieces may lay in 


concerns the shapr of the pieces 


in cross-section pieces ol have a 
greater sphericity 
that 


materially 


may be 
would effect to 
thermal diffusivity In 


way radiation through the voids 


lacter of 


such i 
reduced give greater 
the above described 


reasons for these differences 


lach 


vented such a study in connection with these tests 


vestigation of the bas 
would be of interest, but of facilities and time pre 
(ones 
seems in order 


again more study 
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High-Volatile A Bituminous Coa 


travel in this coal using 
the lowest of the four fuels, as 


Che rates of ignition pure 


crossfeed ignition were 


determined There was obvious mal 


with 


experimentally 


distribution of air this coal, however, and if the 


test values are adjusted for this, using the underfeed 
the adjusted rates fall close to those for 


light 


data as a guide, 


high-temperature coke Phe shows 


line, Fig. 4, 
these adjusted values 

If it were not for certain retarding factors, the rate of 
ignition for the high-volatile A coal probably would ex 
ceed that for the high-temperature coke in crossfeed beds, 
as was the case at high air rates in underfeed beds. One of 


these retarding factors is undoubtedly the large volume 
of volatile matter and soot driven off from the coal ahead 
rhis will retard the flow of heat 
latent 


must be 


of the ignition plane 
\nother 
vaporization of 


by radiation retarding factor is the 
heat of volatil that 
supplied from the heat source before ignition of the fuel 
\ third retarding factor may be the effect of the plastic 
to the 
ignition zone but, probably more important, results in 


matter 


layer itself which not only reduces diffusion of air 


substantial reduction of void space with consequent ré 
duction in radiant surfaces and in passages for transfer 
of heat by radiation 


Overcoming the above retarding factors in a fixed 
bed test apparatus as used in this investigation would be 
difficult It 
or plenum to force air through the igniting and burning 
with a bed 


grates, 


would involve the use of a moving shield 


zones. In a proposed commercial furnace, 
moving downwardly 
difficulty 
be used on the air supply sid 


between the restraining 


such need not be encountered, as a plenum 


could to provide an air 
blast just as the ignition-burning zone passed the plenum 
\s contrasted to the fixed-bed test apparatus, the pro 
posed commercial moving-bed furnace could provide 
proper air distribution to the ignition and burning zones, 
and under these conditions rates of ignition of the order 
of magnitude of the adjusted light line on Fig. 4 are 


believed possible 


Subhituminous B Coal 


rhe reactivity of the subbituminous coal was the high 
est of the four fuels tested, by conventional reactivity 
determining methods as previously noted. However, in 
both the underfeed and the crossfeed tests this coal gave 
This 


examining the 


the lowest rates of ignition of these four fuels. 


may be explained, at least partly, by 
characteristics of the coal and the respective test condi 
With relatively high 


natural bed moststure of the 


tions underfeed ignition, the 
subbituminous coal must be 
first 


retards ignition by taking up its latent heat of vaporiza 


evaporat dl before the coal is ignited Phis moisture 


tion, and then, when it reaches the hot burning zone of 
the bed, it 


water 


extent in the heat-con 


Also in 
ind burning of subbituminous coal there is 


is involved to some 


suming gas reaction underfeed ignition 


a relatively 
thin layer of burning fuel at all practical air rates, and the 
to lorcee 


heat content of the bed, including that available 


the ignition plane down into the green fuel, is materially 


affected by radiation losses from the top of the bed 
With pure crossfeed ignition, the moisture in the coal 

is heated and vaporized in the ignition plane and travels 

across the bed under, rather than through, the ignition 
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rimary air, volatile matter, and 


es the bed beneath the 


plane 


combustion ignition 


plane 


The gh ctivit the 


subbituminous coal ts effe¢ 


high rate of pure crossfeed 
hielding effects of the 


ind gase nd !-vaporization requirements 


ignition vapors 


Pure crossteed ignition does not occur in actual 


operation in fuel bed m traveling grates, where iwnition 


is of the underfeed | ple under virtually all operating 


c mar:ons Only under the extreme conditions of very 


low rute of grate travel and very high air rates can attain 


ment of pure cros ition be visualized 


4 The 


compar ible 


rates ¢ 1¢ ition im pure crossteed beds it 


with 
than the 


prim rates pure underieed 


ignition are mucl underfeed ignition 
rates 

With confined 
ind abov he nge of air rates that give 
veling-grate stokers, all the 


ieir rates of 1gnition with increase 


test bed 
stable 


however, as with the 
used, 
beds on tra four fuels tested 
showed an increase i 
ind no maximum ignition rates were obtained 
rates of 1200 Ib sq ft/hr 
definitel 


feed ignition rates could 


ol air rate, 
up to aul The slopes of the 
ignition curve uggest that even higher cross 
be expected with still higher air 
fuels, cok nd subbituminous coal, 


that 


rates Pwo gave 


maximum crossfeed rate were measurably 
than those 
range of ait 
high-volatile A 


distribution of air, the rates for this coal also were higher 


higher 
obtained with underfeed ignition within the 
rates used When the rates of ignition for 
bituminous coal were adjusted for mal 


with crossfeed ignition at high air rates 


, 


3 Evolution of tar masks the 


ignition zone with some fuels, and 


ipors and soot 
radiation effect in the 
development of a plastic layer with coking coals explains, 
it least in part, the low rates of ignition of such highly 
reactive coals as subbituminous B and high-volatile A 
coals as compared to high-t mperature coke of compara 
tively low reactivity lwo other possible retarding 
effects are also discu 

$. Chemical 


apparently bears no relation to the rates of ignition, this 


activity in its conventional concept 
conclusion applying to both underfeed and pure cross 
Phe the two fuels with ex 
properties high-temperature coke, 
B coal indicates that the 
ignition in the bed is affected 

heat rhis, in 
sical characteristics as the 


feed ignition behavior of 


treme and sub 


bituminous reactivity as 
measured by the rates of 


significantly by the mode of transler 


uch phy 


I 


turn, 1s affected by 
Olatile 
5 Up to the present 


masking effect of ind cooling effects of drying 


time there have been no known 
sfeed ignition and burning in fuel 
thracite stoker. The 


tarted because of 


ipplications of pure cro 
beds, except for a small ar present 


investigation, originally scientific 
curiosity, has indicated that the pure crossfeed principle 


( ould be 


purposes 


applied i! Col mercial special 


of these po 


processes lor 
One ibilities is the combustion of 


low-grade fuel uch hery refuse 


Ti 


s discussed in connection 
bed, Fig. 1, it 
burning will be approached 


From the basic cor 


with the diagram ol traveling-stoker 


follows that pure 
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Fig. 7—Special retort, the Risdon, accomplishes pure cross- 

feed ignition for anthracite at published rates of air supply 

of 740 to 800 lb per sq ft per hr and fan limitations were the 
limiting factor in stoker ouput 


in this type of bed if the ignition rate can be materially 


increased in relation to the rate of travel of the grate 
\lthough one method of accomplishing this would be to 
increase air rates, the extent of such increase is limited 
without exceeding the point of bed stability in the travel 
ing-grate stoker However, if the bed were restrained, 
as was the case in these tests, very high rates of crossfeed 
ignition might be attained, at air rates higher than the 
The 


difference in behavior would be expected to be most 


maximum rate possible in pure underfeed beds 


pronounced with high-temperature coke and the highest 
ranks of bituminous coals, 1.e., low-, medium-, and high 
volatile A bituminous coals 

Another method of increasing ignition rate in relation 
to the grate speed on traveling-grate stokers is to reduce 
the rate of grate travel to the extent that it approaches 
the rate of crossfeed ignition, which would give essentially 
crossfeed ignition on a traveling grat rhis is accom 
plished when a traveling-grate fire is banked, so there 1s 
little or no grate movement and a very low air rate Phis 
is also accomplished in a certain type of anthracite stoker 
such as the Risdon retort, Fig. 7, taken from a report of 
tests on this type stoker by P. A. Mulcey 

While like a 


stoker, except that the fuel moves instead of the grate, 
the stoker operates essentially crossfeed because the fuel 


basically this stoker is traveling-grate 


as fast as it ignites in the crossfeed manner 


area is 0.42 sq ft, and the total area, 


is fed only 
The slotted grate 
including the ‘‘spillover”’ plate at the rear, is 0.75 sq It 
The feed Mulcey for 


burning rates were 14.3 and 18.4 Ib per hr, respectively, of 


rates used by medium and high 


dry rice anthracit Calculating the air rates from the 


data given in Mulcey’s report, using reasonable assump 
tions as to ash content and coal density, it is indicated 
ipproximat ly of the order of 740 to 


1 ol 0.42 


that air rates were 
SOO Ib sq it hr for the actual slotted grate are 


sq it In Fig. 4, the pure crossfeed ignition rate is about 


toker Ket 
Lehigh Universit 
Commercial Crossfeed Stoker Tran 

ersit Hethlehem. Pa 


New Devel Anthracite 


Anthracite ( 


Mulece I 
yvansactton sth 
hem, Pa., 1949, p. 225 
Annual Anthracite Conference, Lehigh 


pment mn 


Annual onference 





for anthracite of com 
This 


5O Ib/sq ft/hr at these air rates, 


parable size consist and chemical composition 
corresponds to an ignition rate in a horizontal direction 
of 21 lb/hr for a cross-section of 0.42 sq ft, which is the 
area of the mouth of the Risdon retort. Since Mulcey 
reported feed rates of 14.3 and 18.4 lb/hr for medium and 
high rates, respectively, it is obvious that at both the 
medium and high burning rate, ignition was entirely cross 
feed, and that the rate of ignition and burning as found 
by Mulcey do not represent the highest obtainable. This 
is compatible with the suggestion of Mulcey that the fan 
capacity in his tests was the limiting factor in stoker out 
put, and that higher air rates would indeed give higher 
ignition and burning rates. It should be noted, however, 
that such increased crossfeed rates, within the air rates 


used in this investigation, would still be below the maxi 


rhis 
pure 


mum underfeed ignition rates shown in Fig. 4 
shows that while the maximum ignition rates of 
underfeed burning are not utilized in the type stoker in 
Fig. 7, that the air rate that can be applied pout two 
times the air rate that could be used in pure underfeed 
ignition to obtain maximum rates of ignition 

\ practical application of the pure crossfeed ignition 
principle can be visualized if, referring to Fig. 2, the fuel 
would be allowed to move downward by gravity 
advantage over the principle of the Risdon retort would 


(one 


be that no power would be necessary to move the fuel 
Very high rates of primary air could be visualized for 
this restricted bed lo obtain more insight into the 
advantages and disadvantages of this principle, more 
seems desirable 


basic study 


Flyash Abatement On An Electric Company System 


Costs involved in correcting the flyash discharge 
problems of older, established power plants as well as 
designing and selecting equipment for this duty on new 
power plants are frequently presented as a lump sum 
charge. The engineer, let the average 
citizen, finds these figures so large that their significance 
is not fully appreciated 


average alone 


year ago' discussed these 
The author 


\ paper presented about a 
costs and broke them down to a unit figure 
outlined the air pollution control problem confronting 
his company by describing the company’s system as one 
that burns about 3,400,000 tons of coal per year and has 
a total capacity of roughly 2,000,000 kw comprised of 
older stoker fired boilers as well as modern large steam 
generating units burning pulverized coal 

With an experience record reaching back to 1935 on 
dust collectors for pulverized coal installations the com 
pany has been through all the development phases 
rhis experience ¢ mbraces mechanical as well as electro 
static dust collectors, both separately installed and in 
combination. It further has kept up with the latest 
requirements in eliminating the occasional stack puffs 
produced by intermittent rapping in the cleaning of the 
electrostatic dust collectors 

When collectors were selected for 
Station placed in operation during 1953 with two 875, 
000 pounds per hour pressurized boilers, combination 


the new Delaware 


collectors were selected 
A mechanical collector 
heater stages in the 400 F zone and the electrical precipi 


tator in the 250 F zone in an attempt to improve removal 


was located between the air 


'"A Review of Flyash Abatement In An Electric Company System'’ by D 
FP. Schick, Jr., Philadelphia Kiectric Co Presented before the Kast Centra! 
Section, Air Pollution Control Assen , Harrisburg, Peana., Sept. 24, 1053 


of fly ash and retain surface cleanliness when operating 
with low exit gas temperatures 

A separate conveyor system of the continuous type 
for both the the electrical 
precipitator was installed and was intended to improve 


mechanical collector and 
removal of collected material. 

At Delaware Station combination collectors with their 
associated conveyors account for an 
penditure of $2.50 per kw of turbine-generator name 
plate capacity. Building facilities 
are not included in this amount 


approximate ex 


and 
Operating and main 


costs storage 
tenance costs are additional items 

At Cromby Station where a 1,050,000 pounds per hour 
and a 1,450,000 pounds per hour pulverized fuel fired 
boiler will go into operation in 1954 and 1955, respec 
tively, an overall efficiency of 98'/» per cent with com 
bination collectors is anticipated 

It is expected that the Cromby installation of com 
bination collectors and associated conveyors will show 
an expenditure of approximately $3.25 per kw of turbine 
generator nameplate capacity, the increase reflects the 
higher collection efficiency in contrast to Delaware 
Station 

At Richmond 
tators, installed in 
collector in series with each electrical precipitator is ex 
pected to be installed. This additional capital expendi 
ture of approximately $1.20 per kw of turbine-generator 
nameplate capacity installed will result in stack loadings 
\ fortunate circum 


electrical 
mechanical 


Station where two 


1935 are 


precipi 


operating, a 


approaching modern 
stance of space and existing structural steel makes this 


practice 


low unit cost possible. Increased low micron sizing to 
the electrical precipitator will require improvement to its 


vibrating system. 
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Selection of Optimum Temperature 


Conditions in Power Reactors and 


Their Heat Exchanger System’ 


These excerpts from a paper presented 
before the International Congress on Nu- 
clear Engineering sponsored by the Ameri- 
can Institute of Chemical Engineers at the 
University of Michigan last June provide 
techniques for evaluating optimum tem- 
perature conditions by the use of three 
parameters. Although primarily intended 
for liquid metal cooled reactors, the 
mathematical analysis is believed to be 
applicable to other types. 


PTIMUM tem, 
power! plant ire 


to the 


erature conditions in a reactor 


considered to be those leading 


production of electric power by a base 


load plant at the lowest possible cost Temperature 


conditions of primar oncern will be the temperatures 


of the reactor coolant, temperature differences in the heat 


exchangers, and the pressure and temperature of the 


steam for the power cycle 
rhe selection of temperatures differing from the opti 
mum values can 


increase the cost of power production 


appreciably. Consequently, considerable effort is justi 


fied to obtain temperatures which are most compatible 
with other reactor design conditions 

The 
operating costs pital cost in terms of mills per 
kwhr tends to be 


the electrical 
output of a plant. Since the electrical output is the prod 
the 


the riii il 
conversion, al 


cost of electri 
The 


reduced by 


power consists of capital costs and 
increasing 


uct of reactor power and the efficiency of 


power nerease in thermal power or effi 
ciency tends to decre 


rhe cost 


| 


e the cost of power due to capital 
investment electric power due to fuel re 
placement can be re 
but 


Optimum temperature 


uced appreciably by improving the 
ising the thermal 
onditions will be those with the 
the 
The se 


etheency not |! incre power 


right balance of thermal power and efficiency to give 
lowest sum of capital costs and operating costs 
optimum temperature conditions will be determined by 
the relative magnitude of investment and operating ex 
penses 

rhe results of this investigation are expressed in terms 


of three parameters. A, describes the reactor coolant 


ind fuel element; § 1s used to indicate the performance 
vers relative to other reactor in 


irameter I indicates the cost of fuel 


and cost of heat exchar 
vestment; and the p 
apital costs of the reactor 


the 


replacement relative to « 


Values of A, used in calculations are of primary 


t Reprinted from 
Amer 


mt ' erie V 50, No. 12, Part If, p. 181, by 


permission of the can Ir tute of Chemical Engineers 
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interest for liquid metal cooled reactors, but the method 
The analy 
sis is restricted to single flow, single cycle systems, so 


of analysis appears applicable to other types 


that split or zoned flow and the use of more than one 


steam cycle at a time are not subjects of investigation 


Heat Exchangers in Nuclear Power Plants 


He BOILER 


In this paper, the boiler is considered to consist of an 
Each 
section of the boiler may be a separate heat exchanger, or 
Shell and tube type 
heat exchangers have usually been considered for all but 
rhe tubes of 
changers have been single-walled, double-walled with 


economizer, an evaporator and a superheater 


the components may be combined 


relatively small power plants these ex 


each pair of concentric tubes separated by a mercury 
annulus, or close fitting double-walled tubes with moni 
the outer the inner 
rhe use of double-walled tubes reduces the pos 
sibility of accidental contact of the liquid metal and the 


toring grooves cut on surtaces ol 


tubes 


water and permits the detection of leaks in the tubes 
which might lead to such an accident 

\ heat exchanger using the double-walled tube with a 
mercury annulus is described by Brooks and Rosenblatt, 
and they give test results for the generation and super 
heating of 500 psia steam by hot NaK.'* The overall 
heat transfer coefficient of the evaporator varies between 
about 200 and 400 Btu/(hr)(sq ft)(deg F). The overall 
coefficient in the evaporator increases with increasing 
Nak kKeynolds number, but the principal thermal resist 
ance is in the walls of the tubes. The performance of the 
superheater depends largely on the Reynolds number of 
the steam, and overall heat transfer coefficients of about 
150 to 200 were obtained at Reynolds numbers of about 
6 X 10°. These figures on the performance are presented 
to show a general magnitude 

A description and performance of evaporators using 
close fitting double-walled tubes with monitoring grooves 


* Numbers refer to bibliography at end of paper 


























is given by King and Andrews Iwo different sizes of 
double-walled tubes were tested using NaK to evaporate 
at pressures ranging from 114 to 1203 psia Phe 
walled tube with wall thicknesses of 0.065 in 


150 to 550 


water 
first doubl 
had overall heat transfer coefficients of about 


Btu/(hr)(sq f{t)(deg F) for overall temperature differ 
ences between the NaK and water of about 500 to 760 
deg F The second double-walled tube with wall thick 


transfer coefficients 
for tempera 


nesses of 0.049 in overall heat 
of about 650 to SOO Btu/(hr)(sq ft)(deg F 
ture differences of 370 to 600 deg F 

Comparative performance of walled tube 
i thickness of 0.065 ilso given by King 
Their test howed overall heat 
1050 to 1300 Btu/ (hr) (sq ft 
in evaporating water with Nak 
ISO to 460 deg F 


oar 
wave 


ibout 
i single with 
inch is and 
Andrews transfer 
(deg F 


dif 
The steam pressure 


coefiicients of about 
using temperature 
ferences of about 
used ranged trom for previous test 

The data of King 
overall heat 


temperature drive 


113 to 1203 pSia as 
in the 
the 


ind Andrews show a dee reas 


transfer coefficient with a decrease in 


This 1s to be exper ted since the coeffi 
boiling decrease with decre ising tem 


ent for nucleats 


perature drive 


B Due INTERMEDIATE HEAT EXCHANGER 


\ violent reaction in the boiler between an alkali liquid 
erious, but such an explosion 
if the liquid metal wer 


metal and water would be 
hazardou 
this danger, reactor designs 


more 
rachoactive lo alleviate 
with an alkali liquid metal as the primary coolant have 
a secondary coolant loop between the primary loop ind 
The heat 


secondary coolant in an 


would be even 


the power plant working fluid is transferred 


to the inter 


from the primary 


mediate heat exchanger 


Brooks and Rosenblatt describe the periormance ol 
two types of sodium to Nak heat exchangers which 
would be suitable for use as intermediate heat ex 
changers In both designs, the sodium and Nak are 
separately contained, and the space between the two 
containers is filled with stagnant sodium. Overall heat 


000 Btu/ (hr 
heat exe hange r, while 


ibout 
flat tube 


transier coethcients ol sq it deg F 


obtained in thei 


wert 
the coeflicients in the ‘‘round tube shell and tube type 
exchanger were about half as large 

No test data were available for single-walled liquid 


metal to lquid-metal exchanger Most of the thermal 
sin the tube walls in the double-walled liquid 


«© by using only one tube wall in 


resistance 1 
metal heat exchanger 
stead of two, considerable improvement in the perform 


ance might be expected 


( Cost EsTiMatt ” Heat EXCHANGERS 


Phe costs of heat exchangers required for liquid-metal 
cooled nuclear power plants are not well known nor ar 
estimates readily availabk Chis lack of information 1s 


\ccurate estimates are difficult to make 


xperience with heat exchangers 


understandable 


because of the scarcity of « 


using liquid metal, and manufacturers are naturally re 


to be quoted on prices which may be in error 


the cost 


luctant 


Rough estimates of heat exchangers ot 


ol large 


the types discussed previously may be made on the basis 


information on more standard types of heat ex 


changers. The 
and are intended solely to provide 


ot cost 


following estimates are very approximate 
in order of magnitude 


to be used im subsequ nt calculations 


68 


Aries and Newton estimate the installed cost of a 
stainless steel clad shell, stainless tube heat exchanger to 
be $17 per square foot for an exchanger with 5000 square 
In terms of dollars per square 


A heat exchanger using 


feet of transfer area 
foot, the cost decreases with size 
liquid metal would probably require all welded joints 
and exceptionally careful construction and checking to 
the f 
this basis, a 


cost « 


rhis might increase 
On 


insure leak tightness 
construction by around 50 per cent 
single-walled tube heat exchanger suitable for use as an 
intermediate exchanger might be expected to cost in the 
About 
the same cost would apply to a boiler using single-walled 
of double-walled tubes tends to increase the 
he cost of a double 


neighborhood of $30 per square foot installed 


tubes Use 
cost of materials and construction 
walled tube type boiler is estimated to be approximatel) 


$50 per square loot of transier area 


Analyst 


\ (GENERAI 


Phe 
sists of capital costs, such as the investment in the reac 
and 


cost of electric power from a nuclear plant con 


exchangers, powet! 


tor, liquid metal systems, heat 
coliversion equipme nt, and ol Ope rating ¢ xpenses suc h 
fuel re pl wcement and general oper ation and maintenance 


\ mathematical expression for the cost of power will 
prove usetul.” 
Annual cost of 1 tor, cooling syst 
I e1 n fuel investment and site 
Cost kh J Annual electric output 
Annual cost of heat I ger 
Annual electric outy 
Fi replace 
Ethier y 
Cost di to pe r , eTrsio quip! 
Operatio ind] mainte 
For convemence, this will be written symbolically 
I pri I; I 
( ( 
nqt 
Suppose now that the reactor, cooling system (exclu 
sive of heat exchangers and power cotiversion equip 
ment), fuel inventory and the site are fixed Although 
the coolant flow rate is fixed, the temperatures are not 
Consequently, the variables will include the reactor 
power q, the efficiency 7, and the cost of heat exchanger 
/, With these assumed conditions, /, the investment 
cost of the reactor, cooling system, fuel inventory and 
site can be considered as constant Within a sufficiently 


the cost of fuel replacement F can also be 
COSL Ol 


wide range 


considered as constant The heat exchangers / 


will vary with the reactor thermal power, g, and with the 
temperature drives selected Power conversion equip 
ment costs, 1, vary with the steam conditions and the 
variation has been the subject of separate studies. Some 
operation and maintenance costs will be the same every 
vear regardless of operating temperaturt but other 
will vary, so it is difficult to predict how C,, will change 
is the operating conditions are altered. In summary, for 
the assumed conditions of a fixed reactor and coolant 


loop, the cost of electric power due to fixed investment 


I ms varies inversely as the electric output the cost dus 
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to fuel replacement, / iries with the efficiency, 7; and 


the costs due to power conversion equipment and opera 


tion and ther ways 


Phe 


elhoency, 


maintenance iry 1n 
the 
n, or the reactor thermal power, g, as is evident 


cost of power can be reduced by increasing 


from expression However, an inherent conflict exists 


between the two aim maximizing the reactor thermal 
power and maximizing the efficiency of power conversion 
If a maximum fuel element temperature limits the power, 
the 


ible to generate in the reactor 


low coolant temperatures are desirable to increase 


quantity of heat it is pos 
On the other hand, high 
sirable to permit high steam pressures and temperatures 


coolant temperatures are de 


with resulting high efficiencies. The optimum set of tem 


perature conditions for a reactor will balance these con 
tric power at the lowest cost 
the rela 
with the efhi 


with the electrical output 


flicting aims to produce ele« 


Che optimum conditi will be determined by 


tive size of those cost factors which varv 


ciency and those w 
of the plant 

\n optimum boiler si 
flow 


of the boiler will permit 


will exist for any fixed reactor, 


coolant rate, im cycl \n merease in siz 
se in the reactor thermal 
cost of ele« 

to the 
optimum size of boiler then 


Cost ot the 


mnicre 


1 


power, and this results in an increase in the 


tricity due to the boiler and a decrease in cost duc 


other investment it I he 


is determined b he relative boiler and the 


other investment ite 
In the 


dition 


ubse quent optimum temperature con 


will be dete ined for particular reactors a 
heat exchangers, inve 


The 


estment 


function of the 
ment cost i | ip ng costs relative « 
ol he it eX Is | r it costs are 


pressed in teri meter 8, the relative « 


fuel re placeme ntian ind the reactor and cooling 
circuit 
Phe results do not 


power 


performance 1 erms ol a reactor parameter A 


iriation in the cost ol 
is the 
do the 


peration and maintenance 


On equipme! uch turbine, cor 


con CT 


denser or cooling water em, nor results con 


sider a variation 1 


of the equipment 


B He PARAMI 
The 


parameter A l ad by 


| the equation 


fuel 


tral fuel channel 


between ind 


of coolant in centr 


If the properti oolant and fuel element are 


constant, a constat ic of A, means a constant flow 


rate, W, for a parti el element and coolant chan 


nel. In the calcul 


is assumed for the 


varticular 
ith the 
in all coolant tul | ‘ ixumum 
perature exist ! " 1 ol each 
coolant 


power distribution 
«0 throttled 
permussibl 
fuel element By 
flow 


coolant 


tem 


these ind reactor 


issumptior 


power are related to tl \ nd flow in the central 


ch innel 


Calculation in t tant value of A, has two 


principal advantage i i constant A, means a con 


tant coolant flow parti ular reactor and this 
Second, if the 


the reactor power is directly 


tends to fix the cost oling circuit 
coolant flow rate ts co it 
proportional to (/ he maximum fuel element tem 
as demot 


perature minus the c 


strated im Ay 


t inlet temperature 


ypendix 
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Values of A. used in the calculations are based on re¢ 


sults appearing in Reference 4. These results, for 
that 
mum electric power is obtained at A, of about 3-4 if the 
200 F. At larger 
values of A,, the electric power output and the efficiency 


ticular reactor power distribution, indicate maxi 


maximum fuel element temperature is 
decrease Smaller values of \, give lower electri output 
but higher efficiency \t higher maximum fuel tempera 


tures, the value of A, for maximum electric power in 


creases 


Pure Heat EXCHANGER PARAMETERS 8 AND 3 


If a particular steam cycle, reactor and coolant flow 


rate are considered, the cost of power is approximately a 
of heat exchanger investment /,, other 
Tp, and the thermal 
g. With conditions and relatively 
the the 


due to fuel replacement, power conversion equipment and 


function only 


investment described by reactor 


power, these small 


variations in reactor power, cost of electricity 


operation can be considered as constant Equation (1 


can be rewritten for these conditions as 


lpr 


rf 
/ 


Successive steps will reduce this equation to one in terms 
the 
ind the parameters 8 and £ 


iltered by 


of the maximum fuel element temperature, /,, coolant 
inlet temperature, / 


Phe 


ubstituting 


) 


first term on the right side of will be 


a] 
| 


\s1 
limited to a particular reactor 


Chen 


hown in Appendix A, Cy is a constant if attention 1s 


ind constant flow rate 


lj 


Ihe ’) includes the 
cost oft 


Phe 


second term on the mght side of 
the boiler and the 


total boiler area 


intermediate heat exchanger 


mounts to 


/ la Gg 
/ a. l',.0 Lin Oy 
orator uperheater 


economizer evay 


where f/ represents the fraction of total heat transferred 


in each boiler component, L is the overall heat transfer 
the 


Phe logarithmic mean ts as 


coefficient, and @ is mean temperature difference 


umed to be the true tempera 
ture difference 


lo simplify the calculations, it was assumed that 


ind Abr l 


‘ 


Phen the for boiler area (4) can be simplified 


to 


ex pre ssion 


/ (! “7 a, ) 


i fixed ste 


For the conditions of im cycle, reactor, and d 


the « 
to be a function only of the coolant inlet temperature, / 


called a (1 


xpression inside the parentheses of (6) can be shown 


and will be 


If the cost of the boilers is C, dollars per square foot and 
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the amortization rate is r,, the cost of electricity (mills 


per kwhr) due to the boiler is 
CAH c,h 
a ait 
nqp Ua? 


Similarly, the cost of electricity due to the intermediates 


heat exchanger will be 
Cs “/ ] 


Since the cost of heat exchangers is considered to consist 


of the boiler plus the intermediate heat exchanger, 


ler (i %% Cali l 
ail ; i 
n OP lng Le np\ 6, 


Now the expression for the cost of power (2) can be re 


written by substituting (3) and (8) to give 


son (9) by 


The last tepi to divide expr 
lo 
ind let 
C,Cwr 
{ lpr 
t,4f 
Larn | 


Che resulting equation (11) is used in subsequent calcu 


lations to determine optimum temperature conditions 


for particular steam cycles, reactors, and values of X,, 8 


ind Bi 
nel ] 8, 


' 
{ { i 
larn t t 0, 


The parameter 8 ts dimensionless and indicates the 


boilers to the investment in the reac 
ind fuel \ high cost, low perform 


ance boiler tends to increase 8 while an expensive reactor 


relative cost of the 
tor, cooling circuit 
tends to decrease 6. Use of the parameter @ in reactor de 
sign requires some prior knowledge of costs and perform 
ance 

Che parameter @, is used for the intermediate heat ex 
changer and differs from 8 by the use of the appropriate 
heat transfer coefficients and costs 
REPLACEMENT Cost PARAMETER [ 


Che costs of electric power due to reactor, cooling sys 
tem, heat exchanger, and fuel investment, and fuel re 
placement may be written by combining equations (1 

}) and (8 


Lr [era cy Cw F 


” 


. r 
Now divide thi expression by : and let 
f/) 


2 ag al i em 


Cp Lr, ™ I Bs 
( Cup | = | + BO t,) + He] 13 
lan p nity t 6, 4 
Equation (13) is used to determine the approximate 
optimum steam conditions for various values of the reac 
tor parameter A, and heat exchanger parameters 8 and 
ie) 

Che parameter I is an indication of the cost of fuel re 
placement relative to the investment in the reactor, 
coolant loop and fuel inventory. It is directly propor 
tional to the constant C,, the cost of fuel replacement and 
the plant capacity factor and inversely proportional to 
the annual cost of the reactor, coolant loop and fuel in 


ventory 


Appendix A 
Relation Between Reactor Power and 
Coolant Inlet Temperature 


The power from the central coolant channel of a reac 
tor where the axial power distribution is a chopped cosine 
function can be written as 


where 
(a) 
also 
WC (ty f (A2 
Solve (A2) for &,, substitute in (1) to eliminate 4, square 


both sides of the resulting equation to remove the radi 
cal, and simplify the quadratic equation in g so obtained 


channel 
will be 


For a fuel element and coolant 


geometry and power distribution, L’, A 


particular 
and w 
constant and C can generally be assumed to be constant 


If in addition, the coolant flow rate, W is constant, q- 
is a function if (¢t,-—t, This can be written 
Dq? + Ege (ty — 1 ym 
ind solved for q 
E(t; ti) 2 E(t i)?+4d0 t,)? 
\ AS 
2D 
A3) can be simplified 
, ~a ZV E+ 4D a 
2D 
Equation (A4) shows that with a constant coolant 


flow rate, the power from the central channel is propor 
tional to the difference between the maximum fuel ele 
ment and the coolant inlet temperature. If the flux dis 
tribution in the reactor is fixed, the reactor power is pro 
portional to the power in the central coolant channel 
Consequently, under the assumed conditions, the reactor 
power is proportional to (¢,;—¢, 
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Appendix B 


Symbols and Abbreviations 


Heat transfer at q ft 
( | if heat, Bt b)(deg F 
Cost of bo insfer area, $/sq ft 
( tantt tor power to coolant temperature 
G , 
for constant flow. C, = d , Btu/(hr)(deg F) 
(t ty) 
} T+ 
kwhre 
( Cost of heat tr fer area in intermediate exchanger, 
< ay it 
( Cost of electricity due to normal operation and mainte 


nance but not including fuel replacement, mills/kwhr 


( lotal cost of electricity at the bus bars, mills /kwhr 
D Constant defined in development of Appendix A 
E Constant define: development of Appendix A 


‘raction of total r« heat transferred in a boiler 


component 


actor 


~ 
~ 


ost of replacing fuel in reactor, mills/thermal kwhr 


Tp = Capital cost of reactor, liquid metal loop, fuel inventory 
and site, $ 
] = Capital cost of heat exchangers, $ 
= Cost of power conversion equipment such as turbine, 


condenser cooling water system, and transformers 
$/kw 
L/1 Reflected to reflected length of reactor core 
t Plant capacity factors, hours per year 
Reactor ther il power, kw or Btu/hr 


‘ 


year, oF ‘ year 
t perature entering reactor, | 


Amortizatio 
Primary coolant 


t Primary coolant temperature leaving the reactor, mixed, 
F 
t Maximum fuel ele nt temperature, F 
Overall heat tra oefficient either in heat exchanger 
or in fuel t t, Btu/(hr)(sq ft)(deg I 
MH Coolant flow rat« »/hir 
Heat to cool t tre noderator and fuel element 


Heat to coolar 


t from fuel element 
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Established territories now open 
30 or older have 


several years of boiler room experience 
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Cyt 
j = Heat exchanger parameter for boiler 8 = - 
Ci 
3 = Parameter for intermediate heat exchanger 8 7 
Cy Ft 
I Fuel replacement parameter I ; 
7. 


Net power plant efhciency 

4 Mean temperature difference, deg F 
We 
al 1 


Average temperature difference in boilers, deg F 


\ Reactor coolant parameter, A 


Subscripts 

) = Boiler 

et = Economizer 
Evaporator 


Heat exchangers 
1 = Intermediate heat exchanger 
R = Reactor, liquid metal system, fuel inventory, and site 
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& COPY OF CATALOG GIVING FULL GESCRIFTION AHO ENGINEERING OATA BERT UPON REQUEST 


FLEXIBLE COUPLINGS 


POOLE FOUNDRY & MACHINE COMPANY WOODBERRY, BALTIMORE, MD 
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Says: Adrian Wilson, Power Plant Assistant Manager 

5. C. Johnson & Son, Inc 

Kacine, Wisconsin 
“Our plant uses an average of 900 tons of coal per 
month, At the conclusion of a recent analysis of relative 
fuel costs, we were unable to justify a change from coal to 
any other fuel. In burning coal the modern way, we have 
steadily improved the efficiency of our power plant.” 

> 

if you plan to modernize—or to build a new plant, 
be sure to investigate the convenience and money-sav- 
ng advantages ot coal when burned with modern 
equipment. 

You « an enjoy automat operation and save on labor 
by installing up to-date coal feeding and ash handling 
systems. And you can eliminate dust or smoke nuisances 
with such devices as dust collectors and cindet reyectors 
Often such equipment can pay tor itself in fuel and 
labor savings in only a few short years 

Get the advice of a consulting engineer. He can make 
a fuel analysis for you. He can advise you on what equip 
ment can best fill your specific needs and return you a 


big saving year after year with coal 


FOR HIGH EFFICIENCY % FOR LOW COST 


YOU CAN COUNT ON COAL! 
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...fired by coal 


In the famous plant of Johnson’s Wax, modern equipment makes coal 












ninistration and Resear € enter 
§. C. Johnson & Son, inc., Racine, Wi 
Architect: Frank Lloyd Wright 
Consulting Mechanical Engineers 
Samuel R. Lew £ A , 












a clean and automatic fuel... and saves dollars year after year 





YOUR BEST BUY IS BITUMINOUS 
J Today's lowest-cost fuel, in most places 


is Bituminous Coal! 


l” The most stable fuel in price is coal, be 
cause coal reserves are virtually inexhaust- 


ible , coal mining 1s highly mech inized 
The safest fuel to store and use is cou! 


\~ 
jt” Your best bet for saving dollars is coal 


for modern equipment greatly multiplies 





coal’s inherent idvantages 





\dditional case histories, shou ing how other types of plants have 


m dernized and saved money by burning coal with mode rm 


equipment, are available upon request , 


BITUMINOUS COAL INSTITUTE 


A Department of National Coal Association 
Southern Building, Washington 5, D. C 
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Philadelphia Electric Projects 
World’s Most Efficient 
Central Station 


1 are adh nmstruct a ver venerat 
ul Station that will establish new 


high for efficien team pressure 
ind temperature were announced on 
August 28 by R. G. Rincliffe, president 
ol Philadelphia Electric ¢ mpan 
Representi an imitial investment 


oi some $45 mulhior he new power 


plant, which will be located at a point 
et to be determined, will serve the 
rapidly growing Delaware Valle) Mr 
Rincliffe stated rhe new plant he 
said, ‘“‘will add more that ) per cent 


' 
to the present generatin; 
Philadelphia Electric Compan 

The 275,000-kw = turbin 
unit, the largest ever ordered, will be 
built by the Westinghouse 
Corp The steam 
plant will be built by Combustion En 
team to 


capacity ol 


yeneratot 


Klectru 


generator for the 


gineering, Inc., and will sup; 
the turbine at the highest steam pressure 
and temperature of any existing or pro 
jected power plant in the world, 5000 psi 


and 1200 F, although initial 
will be at I 


operation 


In discussing the unique engineering 
features of this new unit, K. M. Irwin 
Philadelphia Electric ice president in 
charge of engineering stated that the 
expected plant heat rate for steam con 
ditions of 5000 psi and 1) F would be 
8400 Btu per kwhr, some 600 Btu less 


than the heat rate for the t efficient 


existing power station 


rhe tandem-compound, four-cylinder 
turbine will operate at 3600 rpm, utiliz 
ing triple-flow exhaust to the condenser 
and double reheat. Both reheats will 


be to 1050 F 
All elements of the turbine except the 
uper-pressure element are of conven 


tional design using ferritic materials 
rhe first, or super-pressure, element will 
be designed for initial steas ondition 


of 5000 psi and 1200 F, exhausting at 
approximate] 400 psi The second 
element combines both high-pressure 
and first reheat pressure turbines in a 


common 


asing The third element 
combines intermediate pressure and 
ingle-flow low-pressure turbine in one 
casing, and the final element is a con 
ventional double-flow pressure turbine 
exhausting to the condenser at yin. Hg 
absolute pressure 


Steam will be condensed i 105,000 
q it, single-pa racial-tlow Westing 
house condenser [wo pumps, each of 
75,000 gpm capacit will provide cool 
ing water to condense the steam 
Special precautions will be taken to 


minimize leakage of circulating water 
into the condensat tem Nine 
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tages of feedwater heating are con 
templated, giving a temperature of 
approximately 565 F boiler feed supply 
Westinghouse feedwater heaters of ap 
proximately 31,000 sq ft will heat the 
feedwater 

he generator for the plant will be 
rated at 352,000 kva, three-phase, 60 
cycles, 24,000 volts, 3600 rpm. It will 
be self-ventilated with shaft-mounted 
fans, and will employ hydrogen inner 
cooling of rotor and stator conductors 
Hydrogen pressure will be 45 psi 
Without the use of inner-cooled con 
ductors, developed by Westinghouse en 
gineers in 1950, it would be impossible 
to build a 3600 rpm generator of thi 
size. Separate motor-driven d-c gen 
erators will provide excitation for the 
Magnetic amplifiers 
will be used to regulate terminal voltage 


main generator 


of the generator 

Che boiler will be a C-E Sulzer Mono 
tube steam generator of the super 
pressure, ‘‘once-through’’ type and will 
employ the principle of forced circula 
tion. It will be a twin-furnace design 
with tangential firing and reheat steam 
temperature control by means of tilting 
burners. The overall arrangement cor 
responds in general to that employed in 





many of the large boilers that Combus 
tion Engineering has designed for utility 
service. It marks a natural evolution in 
design to meet the requirements of 
super-critical pressure 

Maximum design steam conditions for 
the boiler are 6000 psi and 1200 F At 
rated load, primary steam flow will be 
1,540,000 Ib per hr. In the first stage of 
reheat, steam at 1050 psi will be re 
heated to 1050 F. Conditions for the 
second stage of reheat will be 
1050 F 


ov ps 


Of the total heat transferred in the 
boiler, more than 65 per cent will be 
absorbed in the superheater and the two 
reheaters. To accomplish this, radiant 
wall type superheating surface will 
supplement the conventional suspended 
reheater 
rhree regenerative-type air preheaters 


superheater and sections 
are to be installed 

There will be about 150 miles of 
tubing, much of it 1'/, in. diameter 
Alloy steels will be employed in approxi 
mately 80 per cent of the tubing 

American license rights to Sulzer 
designs and patents were acquired last 
year by Combustion from Sulzer Bros 
Ltd. of Winterthur, Switzerland, follow 
ing several years of investigation of 
European development in the field of 
high steam pressures and particularly 
of “once-through" types of boiler: 
Sulzer Bros. developed this type of 
boiler some years ago and has made a 
large number of high-pressure installa 
tions im Europe 


BOILER ROOM of the S. 8S. World Glory, largest tanker ever built in the 
United States, features well-planned, spacious firing aisle with Combustion 
Engineering vertical superheater boilers supplying steam for this giant cargo 
vessel. The tanker, when full, can transport over 16 million gallons of gasoline 
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SAVES 
PRECIOUS 
FUEL 


TREAMLINE the flow of gases across 

the boiler tubes and you get more 
steam from less fuel. That is what 
Enco Boffles do. They use scientifically 
curved boffle surfaces instead of 
sharp angles. They taper the passes 
to maintain velocity as the gases de- 
crease in volume, which promotes 
heat-transfer. They: 














Eliminate bottle-necks 
Abolish dead gas pockets 
Reduce draft losses 

Speed heat transfer 

Keep heating surfaces cleaner 
Cut down use of soot blower 
Provide for tube expansion 
and replacement 


Adaptable to any type of water-tube 
boiler, fired with any fuel. Designed 
for each individual installation. Only 
selected materials used. Installed by 
skilled mechanics. Send for Bulletin 
BW 44. 


THE ENGINEER COMPANY 
75 West Street, New York 6, N. Y. 











REVIEW OF NEW BOOKS 


Any of the 








books here reviewed may be secured through 


Combustion Publishing Company, Inc., 200 Madison Ave., N. Y. 





Production of High-Btu Oil 
Gases from Crude Shell! Oils 


By E. B. Schultz, dr., Jd. d. Guyer and 
H. R. Linden 


Recent development of processes for 
the commercial extraction of oil from the 
oil shale (con 


nation’s great deposits of 


taining an estimated recoverable 500 
billion barrels) has led to an investiga 
tion of the use of shale oil in the pro 
duction of high-Btu oil gas The work 
was sponsored by the Gas Production 
Research Committee of the American 
Gas Association 

rhe oil gas 


found to be approximately the same a 


yields from shale oil were 


those obtained from petroleum oils of 
equivalent carbon-hydrogen ratio, and 
when scrubbed and blended with inert 
to the desired he ating value and pecii 
gravity substitute 
ability for 


than petroleum oil gases of the same 


had equal or greater 
high-methane natural ga 
he ating \ alue 

Phe 24-page paper-bound interim re 
port may be obtained for $2.50 from the 
Institute of Gas Technology, 17 West 
‘4th Street, Chicago 16, II 


Heat Transmission 
Third Edition 
By William H. McAdams 


Practically all concerned 


with hes 


engineers 
t transfer design problems will 
welcome this Third Edition of what has 
become a classic text and reference on 
the subject of heat transmission The 
new edition, like its predecessors, i 
sponsored by the Committee on Heat 
lransmission of the National Research 
Council, Prof. McAdams has criticall) 
reviewed the material in the earlier edi 
tions so that the present one is repre 
sentative of the current state of the art 
Much the same arrangement of the sub 
ject matter has been kept, but certain 
of the earlier references 
ted where recent data of greater accuracy 


have been omit 


are available. The chapter on radiant 
heat transmission has been revised and 
expanded by Prof. H. C. Hottel who 
like the author, is a member of the 
faculty at the Massachusetts Institute of 
Technology 

For those unfamiliar with the earlier 
editions, a listing of some of the subjects 
covered by chapter headings will give 
These 


include steady and transient conduction 


an idea of the scope of the book 


radiant-heat transmission; natural and 
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and coolin 


forced convection; heating 


inside and outside tubes; compact « 
changers, packed and fluidized systen 


high-velocity flow: condensing Apor 


and boiling liquids; and applications t 
design 

rhe author is especially careful to |i 
and clarify nomenclature at the begin 
ning of chapters and to include man 
typical problems, some of which are 
worked out in detail. In the appendix 
there are 45 pages of useful tables and 
conversion charts. One of the most 
valuable sections is the 30-page biblios 


raphy and author index, listed b 


chapter with page references, which it 
cludes data released through 1952 
There are 532 


Edition which sells for $8.50 


pages im the Third 


Introduction to Nuclear 
Engineering 


By R. L. Murray 


Based on a series of lectures given b 
the author in the undergraduate and 
graduate curricula in nuclear engineer 
ing at North Carolina State College 
this text is probably the first of maz 
that will find use in training future 
this subject matter. It 
is intended to provide junior or senior 


engineers in 


students with a perspective of the nu 
clear field and includes typical engineer 
ing problems that may be encountered 
As a teaching approach, the author first 
presents the qualitative concept, then 
mathematical 
and finally a review of the applications 


an elementary analysi 
and significance of the material Prac 
ticing engineers will also find the book 
to be quite understandable and a help 
ful reference work 

The text 
modern 


begins with a review of 


atomic and nuclear physics 


followed by consideration of neutron 


fission, isotope separation and plu 


tomium production. Six chapters are 


devoted to nuclear reactors, including, 


basic principle descriptions of the 
water boiler and swimming pool re 
actors, methods of reactor start-up and 


operation, materials of reactor construc 
tion, and some of the elements for de 
signing enriched and natural-uranium 
reactors. Consideration is given to 
such subjects as heat transfer and fluid 
flow, radiation hazards, shielding, radio 
active waste disposal, instrumentation 
neutron experiments and uses of iso 
topes The concluding two chapters 
take up applications of nuclear energy 


to propulsion and for stationary power 













generation. A set of problems and a 
hort bibliography accompany most of 
the chapters 

It should be understood that this is 
a text which covers the comparatively 
new field of nuclear engineering in a 
survey form. It does not go into any 
subject very intensively but does pro 
vide a broad overall account of unclassi 
fied nuclear technology 

Ihe text contains 418 pages and sells 
for $9.35 


ASTM Specifications for Steel 
Piping Materials 


Phe 1954 edition of this compilation 
sponsored by ASTM Committee A-1 on 
Steel contains in their latest approved 
form the 53 widely used ASTM speci 
fications for carbon-steel and alloy-steel 
pipe and tubing, including stainless 

Materials covered include: pipe used 
to convey liquids, vapors and gases at 
normal and elevated temperatures; 
boiler, superheater and miscellaneous 
tubes; still tubes for refinery service; 
heat-exchanger and condenser tubes 
fo make the volume more complete 
there are also included specifications for 
the following materials used in pipe and 
related installations: castings; forgings 
and welding fittings; bolts and nuts 
rhe ASTM standard classification of 
austenite grain size in steels (E 19) with 
two sets of charts; also the American 
Standards covering wrought steel and 
wrought iron pipe (B 36.10) and stainless 
steel pipe (B 36.19) are a part of the 
book. 

In this special compilation, 22 of the 
specifications included in the previous 
edition have been revised; of this num 
ber 17 are tentatives and 5 are standards 
A new specification covers ferritic alloy 
steel forged and bored pipe for high 
temperature service 

Now in its tenth edition, the paper 
bound publication contains 370 pages 


? 


and sells for $3.75 


Air Pollution Abaternent 
Manual 


Starting in 1951 the Manufacturing 
Chemists’ Association, Inc., began pub 
lishing a series of paper-bound pamphlets 
making up an “Air Pollution Abate 
ment Manual.’’ With the recent pub 
lication of Chapter 2 which is entitled 
“Terminology and Selected Data,’’ the 
manual is now complete. C. A. Gosline 
of E. I. du Pont de Nemours & Co 
served as editor for the complete work 

Chapter 1, by J. M. Gillet, presents an 
introduction to the subject, describes 
the historical and recent developments, 
and discusses industry's responsibility 
for air pollution abatement. Chapter | 
2, by W. W. Hodge, gives selected ter- 
minology, physical data, nomographs, 
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As an extra assurance of 
immediate satisfactory operation, 
each Peabody PK-54 is thoroughly 
fire tested and adjusted at our 


Factory before shipment 


fully automatic, Fully approved, the PK-54 is 
or semi-automatic the most compact and complete 
burner in the industry with forced- 

draft fan, combustion and all 

safety controls built into the unit. 

Firing gas, oil or both, 

uutomatically or semi-automatically, 

for boilers up to 42,000 Ibs. 

of steam per hour, the PK-54 

represents a notable advance in 

combustion engineering. For complete 

details write for Bulletin 430. 


PEABODY ENGINEERING CORPORATION 


580 FIFTH AVENUE, NEW YORK 36, N. Y. 





and other similar information useful in 

this field. Chapter 3, by R. J. Bulkley 

nts the problem from the aspect of 

with the public, the plant em 

and governmental agencies 

t, by F. L. Seaman tates the 

fundamental bases for sound legislation 

and outlines the maim requirements of 

existing local and state law Chapter 

by E.M. Adams, cites the ph siologi 

cal effects that may be caused by ai 

pollutants, Chapter 6, by P. L. Magill 

hows how to organize a sampling pro 

gram and exhibits numerous types of in 

; truments for procuring the proper 
be. , amples for subsequent analysis. Chay 

; ter 7, by L. V_ Cralley, develops ways to 


TOTAL MAINTENANCE COST SINCE 1949: .nalyze the samples collected, and states 


: ° limitations on the various analytical 
One Load Cable, Plus Normal Lubrication... methods. Chapter 8, by E. N. Hel 


This economy record has been established by a l-cu. yd. Sauerman storage mers, discusses the spread of air pol 


machine, installed 5 years ago at Brantley Steam Station, Danville, Va. Over lutants in the atmosphere and how the 
125,000 tons of coal have been handled thus far. The superintendent reports 


‘ te of d sion can | anticipated 
The scraper is continuing to give good service and very economical results.”’ rate of difusion can be a ' 


Chapter 9 by C. ] Lappl describes how 


This maintenance record is typical of Sauerman service. Only the Steel plate 
to use various types of equipment to 


bucket and cables contact the pile. No highly machined parts or vulnerable 
equipment enter the storage area. Need for repairs is negligible collect smoke, dust, mists, fumes 
Sauerman storage machines range from ‘4 to 12 cu. yd. handle tonnages up ra Chapter 10, by R. J. Jenn 
to 600 tph allow quick shifting from storage to reclaiming presents the corollary picture for scrub 
Let Sauerman engineers show you how to use your storage area to its bir uses and vapors from stack efflu 
fullest extent. Write for Field Report 201, Small Coa/ Stockpiles, Pia 7 i ale | 
Field Report 215, Stockpiling 300,000 Tons of Coal and Catalog D, ent Chapter 11, by L. L. Falk, de 


Coal Storage by Power Scraper elops the statistical approa h to evalu 


iting data such as may be collected in 


C: CWT WW CL MOREE orccys stack sampling. ete. Chapter 12 
by G. F. Jenkins, is a complete bibliog 
560 S. CLINTON ST., CHICAGO 7, ILL. raphy of the field of air pollution and 


vas compiled from several separate out 


tanding bibliographies recently assem 


bled 
FOR CONTROLLING TEMPERATURE The manual 8 oT | the most thor 
REGULATORS ouvh and comprehensive publi auion 


TEMPERATURE OF 4 covering the many aspects of air pollu 


tion It should have considerable value 


LIQUIDS OR GASES qi? both as a relerence adsl gag 


of information tor 


fost® Che price for the complete manual, in 
cluding a paper binder, is $6. It may be 
ybtained from The Manufacturing 


Chemists’ Association, In 625 Eye 


Foster manufactures a complete line of tem t_ N. W.. Washineton 6. D.C 


perature regulators for all types of service - 





for hot water storage heaters, fuel oil heaters, 


izers, , driers, cook d oth 
ee oir A ncigmearsediarniaa i CHEMICAL ENGINEER 
| WANTED 


Th ilabl | : 

ey are available in single or double-seated ee ee 
needs an experienced boiler feed- 
i oe , , water control engineer for high- 
bination with pressure reducing valves; and in temperature steam plants in its Divi- 
sion of Power Operations located at 
Chattanooga, Tennessee. This is a 
tke ol , , th , staff engineering position Salary 
Like all Foster valves, they are designed and , range, $4735— $6575, depending 
built for long life with a minimum of mainte- i upon training and experience. Ap- 
: } . plicants must have a college degree 
nance, and are easy to service when necessary. : i f , in Chemical Engineering or equiva: 
Ask for Bulletin T-101. lent. Retirement benefits, annual 
ieee and sick leave, 40-hour week 


Write to the 
FOSTER ENGINEERING COMPANY Tennessee Valley Authesity 


835 LEHIGH AVENUE UNION, WN. J. Division of P. 
” Knoxville or Chattanooga, 


AUTOMATIC VALVES SAFETY VALVES FLOW TUBES Tennessee 


construction; direct or reverse acting; in com- 


proper materials for the type of service. 
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NEW CATALOGS 
AND BULLETINS 


Valve Servicing 


\ 4-page bulleti N sl, yust 
published by the Edwards Valves 
Inc., pictures a thirty minute service 
operation for welded-bonnet, inte 

valve und, in addition 
blueprint for making the sim 

required, so that the valve 


e removed from the line 


Electric Heaters 


Heating problems for | oils and 
other iscous liquids it anks and 
tudy of the 
t-page Bulletin 20 ubular elec 


pipes can be helpe: 


ric heaters { vared by the Turbine 
Equipment Co nes Electric Heat 

Div Che characteristics of ele 
tric heating are furnished as well as a 
comparison with stea these same 


we 


Flow Handbook 


complete manual covering Rota 
meter application ize selection, de 
ign and materials dat flow corre¢ 
tion, operating and maintenance in 
truction ven in a Flow Hand 
book now bei compile t Brook 
Rotameter Co ie | Ibook now 
number ymprises six 
lied 1 s¢ 
tered in the 
tar data 

i tilable 
letails and 


b 


Complete line of tl icturer 
team trap f n il ive bulle 
tin, No. 15 1 b rhe V. D 
Anderson ( 


data, such as specification capacities 


technical 


1Z¢ pressure wel re given for 
n of their 
construction Information on strain 


ill traps as well as a 
ers 1 also included 


Pyrometers 


rhe pertinent fact bout pyrom 


in general indust: ire reported 
to be given in Bulleti 1371 a 
)-page release put ou t the Illinois 
Testing Laboratories, In« 
lication claims thermoelectric pyrom 
economical 


rhe pub 


eters prove the most 


testing devices for temperatures be 
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vond 1000 F 


are held to be versatile as well as 


Further, pyrometers 
practi al 


Compression Still 


rhe operating principles, economy 
of production, outstanding design 
features of compression stills for pro 
ducing industrially usable water from 
contaminated supplies are included in 
the new Bulletin No. CP-10 of the 
Badger Mfg Co 
range in capacity from 15 gal per hi 


Standard unit 
to 10,000 gal per hr 


High-Temperature Paints 


Descriptions and technical data on 
new high-heat-resisting finishes for 
temperatures as high as 1600 F ar 
contained in a 4-page bulletin, No 
311, released by General Paint Corp 
Physical properties, various applica 
tions and the economic advantages of 
special finishes for hot metal surface 


are given 


Valve Catalog 


Selection of the proper regulating or 
relief valve from the line manufa 
Schade Valve Mfg. Co. is 
greatly simplified by use of the new 24 


tured by 


page Catalog 207 now available. A 
descriptive index is furnished and con 
siderable detailed information sup 
plied to help in judging the factors in 
volved such as type of service—air 
team or water—initial pressure, re 
duced pressure, temperature and ca 
pacity required 


Portable Temperature Indicators 


{1 new 8-page bulletin 4-303, 
published by the Foxboro Co. de 
scribes two portable temperature in 
dicators, the potentiometer indicator 
and the resistance thermometer 
rhese instruments are used for peri 
odic temperature tests to spot impend 
ing trouble Operating adjustments, 
design features, test circuits, measur 
ing element ind instrument speci 
fications are described in detail 


Fan Catalog 


Heavy-duty fans, Series 200, for 
induced-draft service featuring for 
wardly-curved blades designed for 
public utility and industrial steam 





come 
40 


pu 


st 
21 NATIONAL 
POWER SHOW 


NATIONAL EXPOSITION OF 
POWER AND MECHANICAL ENGINEERING 


COMMERCIAL MUSEUM — PHILADELPHIA 


LEARN HOW YOU CAN 
MODERNIZE POWER FACILITIES 


Concentrated under one roof 
you will see the newest im 
provements and refinements 
in power generation, trans 
mission, utilization. Learn 
how these methods will help 
to modernize your power facil 


ities 


The latest techniques for the 
maximum development and 
most economical utilization of 
power will be demonstrated 
by the skilled technicians 
manning every booth. 


Whether you are interested 
in mechanical, steam, electri 
cal, hydraulic or pneumatic 
power, you will be sure to 
find ideas that will repay you 
many times over. 


When going to the A.'S.ME 
meetings, be sure to plan a 
stop-over at Philadelphia to 
see the Power Show. 


PLAN NOW TO ATTEND 


Write early for hotel reservations 
and advance registration 


Under the auspices 
of the ASME 


Management: International Exposition Co. 
486 Lexington Avenue, New York 17, W. Y. 











power plants are covered in the 8-page 
Catalog 1380 now available from the 
Sturtevant Division of Westinghouse 
Electric Corp. A graph of certified 
horsepower, efficiency and pressure 
rating of the new blade design is pre 
sented and 
these ratings are discussed 


factors contributing to 


Power Transmission 


rhe company line of variable 


speed pulleys, wide V-belts, sheaves, 
motor bases, countershafts and Select 
O-Speed transmission Equipment re 
leased by the Lovejoy Flexible Cou 


pling Co 


Close-Coupled Pumps 
Allis-Chal 


close 


Construction features of 
mers supporting-adapter type 
coupled general-purpose pumps in ca 
pacities up to 2500 gpm at heads to 
550 {t are described and shown in a 
bulletin, No. 52B6083A, re 
compan) Alternate 


listed, and 


6-page 
leased by the 
sealing arrangements are 
there is a table of dimensions 


Flow Regulator 


Self-contained flow regulating de 


vice for clean gas-free liquids consti 


tutes the subject matter for a 4-page 


A Reputation for Dependability 


Most 


is Our 


Sy-Co Corporation 


ENGINEERS — CONTRACTORS — MANUFACTURERS 


7 RIDGE ROAD 


Valued Possession 


Catalog 10-F-70 made available by 
the Fischer & Porter Co. This de 
vice requires no compressed air 
electricity or other external 
supply or operating medium. It is 
said to fall in the category between 
pneumatic or electric automatic equip 


power 


ment and the manually-operated 


\ al ve 
Power Scrapers 


An 8-page catalog, No. 551, de 
scribes the Twin-Power scraper of the 
Euclid Div. of General Motors Corp 
It hauls loads of 18 cu yd struck, 21 cu 
yd at 3:1 slope and 24 cu yd at a 1:1 
slope at speeds up to 31 mph and has 
the ability to self-load most materials 
For coal-handling and stockpiling it 
has proved of particular value 


Level and Pressure Control 


A time impulse transmission system 
the Chronoflo Telemeter, for control 
of level in reservoirs and elevated and 
ground storage, or pressure in pump 
discharge lines or steam distribution 
main is fully described in the 8-page 
Bulletin 230-K10 of the Builders 
Providence, Ince Descriptions and 
illustrations of transmitters and re 
ceivers and diagrams of installation 
arrangements are included 


The new coal handling system 
installed by Sy-Co Corpora- 
tion at the Marine Corps Air 
Station, Cherry Point, North 
Carolina. This view taken 
from the bunker level at the 
power house. 





LYNDHURST, N. J. 


Blowoff Valves 


A redesigned line of blowoff valves 
with flanged or welding ends and bolted 
bonnets for 300.400—-600, 900-1500 
psi classes and welded bonnet blowoff 
valves with welding ends for 1500 and 
comprise the material 
12-D1 just 
Edward Valves Inc 
tallation photo 


2500 psi classes 
in the 18-page Catalog 
published by 
There are ample in 
graphs, descriptive line drawings and 
cutaway views lables are given on 
material specifications, on flanged and 
welding end details as well as valve 


descriptions 


Water Treatment 


New informational bulletin, 28X 
7501A, now available from the Allis 
Chalmers Mfg. Co., 
data on water treatment for cooling 
towers rhe bulletin discusses types 
of cooling systems together with prob- 


gives 6 pages of 


lems such as corrosion of metal sur 


faces, inorganic scaling, algae and 
bacterial slime, and delignification of 


the wood in the tower 


Ion Exchange 


The three major classifications of 
industrial water treatment based on 
dealkalin 
form the 
subject matter of the 24-page, Rohm 
& Haas Co. booklet entitled “If You 
Use Water varia 
tions are given, the different advan 


ion exchange—softening 


ization, and deionization 


Major process 


tages each has and the possible applica 
tions in industry 


Air Motor Operators 


Positioning dampers, burners, and 
valves with shafts, 
butterfly and adjustable part valve 
can be accomplished with the Air-O 
Motor operator now being built by 
the Industrial Div., 
Honeywell Regulator Co. and featured 
in their 8-page Bulletin 414-1 These 
operators come in spring and spring 


rotory such as 


Minneapolis 





PETER F. LOFTUS 
CORPORATION 


Engineering and Architec- 
tural Consultants and 
Designers 


First National Bank Bidg., 
Pittsburgh 22, Pennsylvania 


Cable Address— 
“LOFTUS Pittsburgh” 
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fully de 
ibe Cac h i if operating 
characteristi V | peciiica 


ons 


Expansion Joints 


Designed and engi! red to meet 
industrial needs for low-pressure and 
vacuum service joints, Sola-Flex con 
voluted couplings are featured in a 
catalog No. 55, a 16-page publication 
furnished by the Solar Aircraft Co 
The catalog includes ten pages of 
tables giving complete data on each 
ize and type of coupling, along with 
dimensional diagrams and formas to 


calculate coupling n ement 


Combustion Control 


New 4-page bulletin, No. SA 11-50 
covers a Robot-Eve electronic com 
bustion control especially designed for 
the rotary cup burner and one that ma 
be .used in manual, semi-automatic or 
fully automatic combustion control 


stem 


Plant Modernization 


Complex modernization and plant 
expansion problems, approached in a 
detailed step by step procedure, consti 
tute the subject matter of a 16-page 
Walter Kidde Constructor Inc 
bulletin entitled tasic Planning 
Plant Modernization ! Expansion 
recently released h material, 
second of a series known as aids to 
management, 1 well illustrated and 


ectionalized 


Amplidyne Systems 


How and where amplidyne systems 
are used to advantage can be found in 
the two-color 44-page book let, GEA 
1053, The Amplidyn he publica 
tion includes multi-color cré ections 
circuit diagrams, char ind photo 
graphs and a step-b te] <planation 
of the electrical pri ehind the 


umplidyne 


Voltage Regulator 


Engineering details of the Allis 
Chalmers Mfg. Co.'s transformer type 
s per cent step feeder Itag rey 
ulator Type AFR, make up the 
6-page Bulletin 01 B605 recentl 
released he Val f of unit 
type con truction forth as well 
as the feature k- breaking 
il changing 


I 


Chemical Cleaning 


Che now well-established service of 


chemical cleaning of industrial equip 


ment makes up the subject matter of a 
i-page bulletin by Dowell, Inc. and 
bearing the title “Chemical Cleaning 


vice for Industrial Equipment 
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ALBRIGHT STATION 


Monongahela Power Company 
Fairmont, West Virginia 


Units 1 and #2 are in operation. The fans for Unit #3 have been designed and 
are being constructed. They will be larger than the fans for the first two units. 
Boiler #3 will operate on the same type of fuel (pulverized coal) and is expected 
to generate one million pounds of steam per hour 


Each boiler now in service is served by two Forced Draft and two Induced Draft 
Fans with the following specifications: 


F,D. Fans Double inlet with radial inlet vanes; outlet dampers; rain hoods 
and recirculating duct connections. Capacity for each fan 


110,500 cfm; 100 F; 14.7” SP; 1180 rpm; 348 hp 


Double inlet, special control type inlet dampers and outlet 
dampers. Capacity of each: 187,000 cfm at 350 F; 13.5” SP; 
880 rpm; 566 hp. 


Green Fans can show an excellent record of efficiency and durability, They can 


be found in many of the leading and recently completed 
utility and industrial power plants. They have back of 
them a fund of knowledge about fan requirements and 
fan design. They serve their users well, 


*Sonderson & Porter, Engineers 


™ 2GREEN 
4 4 
sR EK. 

C Our Catalog Neo. 168 


tells all about Green 


© Economizers — Fu el Ee OnOC/M (Zer Fans. Write for a copy 
- -. a ‘a )) 


© Cindertrops c‘q@ vi PANY 
© Aerodyne Dust Sonectors . . - INC, 














Iclent 


liustrated ia TYPE EMD 
Single Stage Blower (1) 
Fully enclosed motor. (2) 
Air straightening vanes 
(3) Axial flow airfoil lan 
wheel mounted directly 
on motor shalt.(4) Blower 
mounted at this liange 
no other support need 
ed. (8) Voaltrol Vanes. (6 
Lever for capacity regu 
lation. (7) Voltrol vane 
control mechanism 


iw) vn SINGLE STAGE and 
TWO-STAGE 


MOTOR-DRIVEN 
FORCED DRAFT BLOWERS 


WING Motor-Driven, Forced Draft Blowers are the result of 
years of pioneering with the airfoil design of the axial-flow fan. 
Each part of the Wing Blower is made to produce and control 
the air flow into the furnace for maximum firing efficiency. 
Sturdy construction, compact design, quiet performance, Voltrol 
Vanes, (permitting capacity regulation down to 10% of max.) 
plus low installation cost—are features of Wing Motor-Driven 
Blowers. Write for Bulletin SW-1la. 


L..J. Wing Mfy.Co. 


54 Vreeland Mills Road 


Linden, New Jersey 


Factories: Linden, N.J. and Montreal, Can. 





Personals 











Warren L. MacDonald has been a 
pointed District Manager of the Li 
Angeles office of Combustion Engineer 
ing, Inc. A graduate of the Universit 
of Oklahoma, where he was awarded ar 
electrical engineering degree in 1946 
Mr. MacDonald served as a project en 
gineer for The Fluor Corp., Ltd., until 
June 1951, when he jomed the sales 
department of Combustion Engineering 
Inc. in the Los Angeles office 


C. B. Campbell, consulting engineer 
for the steam division of Westin, 
house Electric Corp., has been ay 
pointed chief engineer for the division 
according to an announcement b 
W. C. Rowland, vice president 


The Engineering Societies of New 
England recently presented the New 
England Award for 1954 to William F. 
Ryan, engineering manager of Stone & 
Webster Engrg. Corp 

Samuel Kameros and John Tesorio 
have become partners in the engineer 
ing firm of Carlson & Sweatt 


Carl S. Reed has announced hi 
retirement as chairman of the board 
of directors of Lummus Co., a post he 


held since 1949 


Several appointments to admini 
trative positions on the staff of the 
{ >. Atomic Energy Commussior 
were announced by K. D. Nichols, 
general manager They were Al- 
fonso Tammaro, manager of the Chi 
cago operations office, to assistant get 
eral manager for research and indu 
trial development; E. J. Bloch, dire 
tor of the division of construction and 
supply, to director of the production 
division; J. A. Derry, assistant dire« 
tor of the production division, to 
director of the division of construc 
tion and supply; J. J. Flaherty, field 
manager, San Francisco office to 
manager of the Chicago operation 
office; Dr. Frank K. Pittman, assistant 
director of operations in the produ 
tion division, to deputy director of thi 
same division; W. K. Maher, assist 
ant director for construction and 
engineering in the division of cor 
struction and supply, to deputy dire« 
tor of the division; George F. Quinn, 
chief, pile products branch, production 
division, to assistant director for opera 
tions, production division W. K. Davis, 
manager of the research division of Cal 
ifornia Research and Development Co 
to assistant director, Technical, of the 
reactor development division; R. E. 
Hollingsworth, chief of administra 
tion, division of production, to assist 
ant director of the division 
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New Equipment 











Vacuum Pump 


\ 1 r ‘ ir oO 
| ige wh ‘ tas vac . . SU # 
uum pum] how t lumetri PER 3000 
ethcren 
As a vacuul te i the unit “Th We d ¢ id 
is especially designed exhaust into e Ow er emen ’ 
the manufacturer i e-stage pump 
icting a a econd t r backing 
element Che combined unit i aid BEST BY FAR 
to have a far wider h 1um range 
with lower power consumption than ° ° 
p ible with commor employed Red) for Resistance to High 


mechanical principle 


or Low Temperatures 
Successfully Used for 


Bronze Valves 


Complete line rol alves 


equipped with Coradur stems are said 


by Reading-Pratt & Cady Valve Dis v Bonding any fire brick,insulating re- 
Reading, Pa., to be the answer to cor fractory brick and other types of 
rosion and dezincification problems brick and shapes. 


rhe material, Coradur, i ymposed of v P . 
. : Abrasion-resistant covering over in- 


+f] er cent copper é r cent alu . 
I j side duct insulation. 


i 


minum, 2 per cent silicor It weigh 


10 per cent lighter tl il bra "4 d Fan scroll covering over steel sheets 


et offers high tensil re th (over 

95,000 p i) and about twice the hard 

ness of naval bra v Painting tubes in boiler passes 
against erosion. 


as protection against erosion. 


Spacer Sleeve 


* | Protection of boiler tubes against fly 


\ one piece high te ‘ eeve ol ' ash. 
cast iron manufactured Rollway v 
Rearing Co: Bu nme OY. w : Sealing wash coat over refractories. 


| 


places steel liner spacer sleeves with 4 Hot patching and many other uses 


tI bronze in ts in the company 4 ‘ 
7 cous | pr oor: where high heat is encountered. 
' precision rust roller bearing 


his type thrust bearir is used in 


worm gear assembli x reducers Get the Facts 

where direction of thrust frequently 

reversed In this new thrust bearing ‘ on R&I Super #3000 
design one plate rotates and the other y P P 

remain iaileahe When the load , Mail This Coupon Today 
reverses the plate reverse their action 

rhe cast iron spacer | iniform 

coefhcient o xpal d wear 


well 


Pneumatic Instruments 


\ new 3-part, pneu 


REFRACTORY & INSULATION CORP, § 
124 WALL STREET ° NEW YORK 5, N.Y, 


ated instrument 


graphic, produced | 


\ rbury 20, ¢ 
, ye ~ , Send catalog on Super #3000 and name of neorest distributor 
arately packaged 


ter, a receiver (re OO ———— 2 : 7 Title 
ind a controller J Compony.. 
installed where it ope 


a high flexibility of ay Address_— 4 anh a cameramen es 50M 


These instrument City. “ ll aa atl LL ———<—= eT 


cate, record and « , ‘a Dr cs ce Se 
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vacuum, temperature, liquid level, 
differential pressure and flow. A 
universal 3-15 psi air pressure signal 
interconnects the three units no mat 


ter what variable is transmitted 


Unit-Bus Construction 


For direct connection of generators 
and main power transformers in a unit 
generation system General Electrix 
Co.'s high-voltage switchgear depart 
ment Philadelphia, Pa., has de 
veloped a unit-supported bus of the 
isolated phase design that is capable of 
withstanding high short-circuit cur 
rents yet weighs 13'/, per cent less 
than present typical three-phase sec 
tions with single insulator supports 
rhe new bus is available in lengths of 
three-phase sections up to 16 ft and 
ratings up to 10,000 amps, 14.4 to 


$4.5 ky 


Conductivity Cells 





\ series of electrolytic conductivity 





cells for power plant applications 


EYE-HYE, the original remote reading gage, have been announced by the Foxboro 
assures perfect measurement, dependability and Co Foxboro, Mass These units, 
clear reading of liquid levels — at a safe con- designed for service with the manu 


venient distance from boilers and other vessels. facturer’s Dynalog conductivity in 


Models available cover every liquid level varia- struments, detect the concentration of 

tion requirement — every working pressure up to olids dissolved in boiler feedwater, 

2500 psi. All models feature the distinctive illumi- steam samples and condensate re 

nated green indicating fluid except a mercury type turns The cells have constants of 1, 
. . » ty av ? 

designed for storage tanks having 8 to 12 foot 0.1 and 0.01 and are available in two 


level variations. 
types, both designed for insertion in a 


And all models (except the mercury type) can be pipe line or a tank. One type in 
4 equipped to actuate additional signals — lights or cludes a valve and fittings to provide 
RCoIelile. horns — which warn operators when dangerously 
Z EYE -HYE | low or high levels occur. Cell electrodes are carbon, and require 
Write for Bulletin CO and learn how EYE-HYE no platinization 
can increase the reading efficiency of all your 
liquid levels. 


for removal of the cell under pressure 


Sampling Hopper 


Perfectly uniform and representa 
Th. Reliance Gauge Column Co. tive camiple of 5, 10, 15 of won insta 
5902 Carnegie Ave., ° Cleveland 3, Ohio : of the amount of coal fed is obtainable 
with a newly designed automatic sam 
pling hopper just announced by the 
American Pulverizer Co., 1249 Mack 
lind Ave., St. Louis, Mo Che per 
centage of sample is quickly and, the 
manufacturer claims, accurately con 
trolled by a simple lever and cali 
brated quadrant 


Oil Burner 


Especially designed oil burner, the 

t-in. Hev-E-Oil, has been built by the 

Cleaver- Brooks Co., 326 E. Keefe Ave 

Milwaukee, Wis. for commercial, in 

dustrial and institutional installa 

tions requiring better than 6000 gal 

lons of oil per year. It is a low-pres 

sure, air-atomizing type, with all 

+ electric ignition and claimed to burn 
Reliance EY bH Y : No. 4 and No. 5 oils without preheat 
ing The unit comes completely pack 

Remote Readin 9 Ga ge aged, completely wired and ready for 


st Reads k a pege 


service lines 
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Aluminum Piping 


integrally extruded steam 


traced aluminum pipe manufactured 


by Aluminum C: f America, 1501 
Aleoa Bldg., Pittsburg] 9, Pa 1s 
made up as a single unit from Alcoa 


»-F aluminum all Che new prod 
uct 1s slightly oval cro ection 
because of the crescent-shaped steam 
passage adjacent to the product line 
and is now available in pipe dimen 
10ns of 2-in., schedule 4 ipe Steam 
flows through the iall section and 
the sluggish proce fluid through the 
larger section By 1 f this integral 
design as against t xternal steam 
jacket or steam tube ft apply the 
necessary heat considerable savings 
are reported in material, in insulation 
and in labor for a given installation 


Induction Motors 


Full protection against moisture 
and corrosion is provided in a new 
line of weather-proofed, squirrel-cage 
induction motors called Sil-Clad 
being built by the Electric Machinery 
Mfg. Co., Minneapoli $=6Minn 
These motors, offered in ratings of 250 
hp and larger, feature complete sili 
cone insulation on the motor winding 
ilicone enamel backed on all exposed 
metal parts of the motor and stainless 
teel on parts subject to abrasion 
The mechanical construction mini 
mizes the entrance of borne dirt 
and particle 


Fluid Metering 


4 new device, known as the Dall 
flow tube, consists of a short-flanged 
cylindrical body designed with an 
abrupt decrease in diameter, followed 
by a conical restriction and diverging 
outlet This equipment built by 
Builders-Providence, Inc. division of 
B.I.F Industries ne ‘45 Harris 
Ave., Providence, R designed 
for use with gases and | ids carrying 
no settleable solid Iti iid to have 
the lowest permanent head | of any 
differential producer of its type, with 
a reported minimum maintenance 
from an unobstructed flow path 


Flow Regulator 
4 small, pneumatically-operated 
control valve manufactured by the 
jailey Meter Co., 1050 Ivanhoe Rd 
Cleveland 10, Ohio, is said to give 
straight line, flow characteristics to 
butterfly valves, dampers and feeder 
regulating gas and liquid flow A 
pneumatic signal actuates a position 
ing relay which in turn accurately 

| 


positions a piston-operated drive lever 


arm The different characteristic 
cams are supplied and may be shaped 


il necessary 
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Inside a boiler, you can't improve on new steel 
or steel newly cleaned. All you can hope to do is 
keep it that way—a task that often tries every known 
resource of boiler operation and maintenance. 


Against the metal-destroying forces that can be 
unleashe inside steam-generating pressure vessels, 
there is one unique defense—unique because 
nothing else duplicates its service inside a boiler 


Apexior Number 1, the brush-applied boiler coating, 
ends water-metal contact—isolates new or newly 
cleaned steel beneath a surface immune to corrosive 
action and resistant to operating deposits. It stays 
on the job thereafter, without benefit of human or 
mechanical attention, to hold internal surfaces at 
peak steaming efficiency. 


Maintaining boiler status quo is an assignment 
Apexior has carried out successfully now for thirty 
six years for those who design, insure and operate 
every type of industrial and central-station power 
plant. 


You pay even less today to protect the boiler that 
costs so much more to install and operate. Apexior 
Number | is now a one-coat material. You need less 
... it costs less to apply. 


Internal boiler protection is only one of Dampney’s 
diversified corrosion-control activities. Dampney 
Coating Systems for specified end-use service pro 
tect cooling towers—intake water structures—pipe 
line interiors. For a recommendation to meet your 
requirements, write 
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MAINTENANCE 

FOR METAL 
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HYDE PARK. BOSTON 36, MASSACHUSETTS 








In Deaeration, too 


BISILCO Builde a Complete lb 


An increasing number of well known utility 













MARINE TYPE—Typice! OPEN TYPE—Deserator VACUUM TYPE — Unit 


Beleo marine heater fur- at large eastern pharma- shipped set-up to midwest- 
nished to shipyards. (Ap- ceutical plant. Capacity of ern utility. Has 150,000 
proved by Lloydsof London) 80,000 Ibs/hr. Ibs/hr capacity. 





Boiler Feedwater Heaters © Water Softeners « Filters @ Clarators 
Demineralizers @ Automatic Process Control Panels 
BELCO INDUSTRIAL EQUIPMENT DIVISION, INC. 
112 PENNSYLVANIA AVENUE, PATERSON 3, N. J 


REGIONAL OFFICES: Philadelphia, Pa., Chicago, Iil., Houston, Texas 
North Hollywood, Cal., Montreal, Que., Toronto, Ont. 
Representatives in all principal cities of the United States and Canoda 


BELCO DESIGNS, ENGINEERS & FABRICATES WATER 


84 


work for you, too. 


For technical 





iae 


and industrial plants are using Belco equipment to increase 
operating efficiency and decrease operating costs. Belco 


advanced design and application experience can be put to 


assistance write or call Belco 


your first step to lower costs. 





SPRAY TYPE —— Belco Deaerator in 


large eastern oil refinery. Has a capac- 


ity of 300,000 Ibs/hr. 





SPRAY TRAY TYPE — Belco De- 
aerator at New York State institution 


boiler house. Capacity 120,000 Ibs/hr. 


TRAY TYPE — Belco Deaerator at 


southern municipality. Has a capacity 
of 125,000 Ibs/hr. 


PROCESSING EQUIPMENT 
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In the 267 new Pi iy ie central station 


units being started in 40 different states 


during the 1953-56 period, 75% of the 






Consolidated Maxiflow Safety Valves & 





...35% will also have Consolidated 


Electromatic Relief Valves. These 





bulletins tell you why. 





Consolidated Maxiflow Safety Valve Consolidated Electromatic Relief Valve BULLETIN 720 tells 
BULLETIN 707 contains data about how this valve assures (1) more accurately balanced 





the greater discharge capacity boiler operation; (2) more uniform line pressure 
permanent tightness and easily (3) power conservation; (4) less maintenance of 
controlled blowdown that mak« pring-loaded safety valves; (5) greater protection 
this valve outstanding in safety against overheating your superheater; (6) increased 
ind service efficiency for your steam generating plant 
Both bulletins give complete specifications. Write for copies 
Lew 
MAKWEL 
A product of MANNING, MAXWELL & MOORE, Inc. STRATFORD, CONN 


MAKERS OF ‘CONSOLIDATED’ SAFETY AND RELIEF VALVES, ‘AMERICAN’ AND ‘AMERICAN-MICROSEN 
INDUSTRIAL INSTRUMENTS, ‘HANCOCK’ VALVES, ‘ASHCROFT’ GAUGES, AIRCRAFT PRODUCTS. BUILDERS OF 
‘SHAW-BOX’’ AND ‘LOAD LIFTER’ CRANES, ‘BUDGIT’ AND ‘LOAD LIFTER’ HOISTS AND OTHER LIFTING SPECIALTIES 
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at 160 gpm for 2050 psig boilers... 


Just a lew years ago, produc ing large quan 
tities of water of a purity of 0.01 ppm was 
quite a chore. A tedious, drawn out mul 
tiple distillation technique was required. 
Engineers “dreamed” of producing this 
water at large flow rates for high pressure 
boilers and power plants by an easier 


and more economical method. 





. ~ 19,000 00 oc Ta 


\ ~ 


T1000; 000-ofm-cm._— 


(0,000,000 ohm-cm.— a 





by Demineralization 


Today, at the Pennsylvania Electric Com- 
pany, Shawville Station, this has become 
a reality. Makeup for 2050 psig boilers 
is produced at a rate of up to 160 gpm 
and with a purity of 10,000,000 Ohm-cm 
(0.01 ppm) and less than 0.02 ppm silica 
by a fully automatic Graver Mixed-Bed 


Demineralizer with in-built dependability. 


Write for new Demineralizing Bulletin. 


IGRAVER 








GRAVER WATER CONDITIONING CO. 


A Division of Graver Tank & Mfg. Co., inc 


216 West 14th Street, New York 11, N.Y. 
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Coal dozer on Euclid Twin Power Scraper 
knocks down the pile to facilitate loading 
at Kansas City Power & Light. 


Your coal handling costs don't have to be high! Of all the 
ways to stockpile and reclaim coal, none does the job as 


efficiently and completely as the Euclid Twin-Power Scraper. 


The “Twin” is completely self-loading in loose, compacted, 

wet or frozen coal. It builds, raises or extends a well 

drained and compacted stockpile... carries big loads at 

speeds up to 30 m.p.h. Using Euclid Twin-Power 

Scrapers for coal handling is more economical and a great 

deal more flexible than permanent cranes and conveyors 
from both original investment and operating stand- 

Data” Setader Gumge We te teal... tpreeds.:. points. The “Twin” method costs less per ton handled 

and compacts on the fly! compared to other equipment because of the speed, 


capacity and versatility of these ‘‘Eucs’”’. 


Kansas City Power & Light Co. uses a Euclid “Twin” at its 
big Hawthorn station and is well satisfied with the high 
production and low maintenance obtained. Installation 

of a coal dozer further increases the scraper’s 

versatility by enabling the ‘Euc’’ to dress edges of the 
stockpile, knock down loose, steep piles at the delivery area, 


and clean up at the dumping hoppers. 


Many other industrial plants and public utilities are 


cutting their coal handling costs with Euclid Twin-Power 


The “Euc”™ maintains a well-drained, compacted pile 
self loads for storage or hau! to the plant. Scrapers There's a good chance your Euclid Distributor 


can show you the way to lower costs, too! 


EUCLID DIVISION Generat Motors CORPORATION, Cleveland 17, Ohio 


Euclid Equipment 


MOVING EARTH, ROCK, COAL AND ORE 
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N°? MATTER whether you are now using mechanical 
dust recovery equipment or are planning the in- 
stallation of such equipment at some future date, here is 
a booklet that is full of helpful and valuable information 
on centrifugal dust recovery. It not only explains the basic 
methods and principles involved, but also shows the im- 
portant differences between small and large diameter 
separating tubes, shows how to simplify your duct work 
and reduce installation costs, and outlines many other 
important factors to be considered in selecting mechanical 
dust recovery equipment. 

In addition, this informative booklet illustrates and 
explains how MULTICLONE’S unique vane design is fun- 
damentally different...how it makes possible greater com- 
pactness, simpler installation, high recovery of the small 
particles as well as the medium and coarser ones, and 
many other facts on MULTICLONE advanced design. 

A limited supply of these booklets is available for 
free distribution to those interested in mechanical recov- 
ery equipment and methods. Write for your copy today. 





- Hn OF 
AND INFOp WAG Ran 
MATION, 
This booklet shows... 
MULTICLONE’S SPACE SAVINGS... How the Multicione 
requires less square footage, less cubic footage than most 
other equipment of comparable capacity ond performance, 
thus saving costly plant space! 
MULTICLONE’S ADAPTABILITY... How the Multiclone 
is more adaptable to varying inlet-outlet requirements — to 
varying space limitations — and is simpler to insulate, thus re- 
ducing installation costs | 
MULTICLONE’S EFFICIENCY... How Multiclone’s multi- 
ple smal! diameter tubes, made possible by its exclusive vane 
design, give higher centrifugal forces and more complete 
cleansing of all suspended porticles—even small ones of 10 
microns and less! 
MULTICLONE’S LOW MAINTENANCE... How the Mul- 
ticlone has no high speed moving parts to repair or replace, 
no pads or filters to clean or renew, nothing to choke gas flow 
or increase draft losses as suspended materials are recovered. 
Multicione draft losses remain uniformly low—recovery effi- 
ciencies uniformly high—at all times! 


Make sure that a copy of this helpful booklet is in 
your reference files by sending for your copy now! 








WESTERN 


s nitati 
E CORPORATION 


OESIC NERS 450 MANO FACTURERS OF EQUIPMENT FoR 
COLLECTION OF SUSPENDED MATERIALS FROM Cases @ Ligt tos 


NOW SELLING... 


Main Offices: 1022 WEST NINTH STREET, LOS ANGELES 15, CALIFORNIA 
CHRYSLER BLOG., NEW YORK * 1 N. Le SALLE ST. BLOG., CHICAGO 2 
1429 PEACHTREE ST. NE. ATLANTA 5 «+ HOBART BLDG., SAN FRANCISCO ¢ 


: . ~s a Y _ PRECIPITATION CO. OF CANADA, LTD., DOMINION SQ. BLDG... MONTREAL 
. +. ia all parts of the U.S.A. and foreign countries. 
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Meet the man you can call 





with confidence to solve your 


thermal insulation problems 


To insulate outdoor tanks with complete weather protection, these skilled 
J-M applicators follow a specification developed by Johns-Manville. Here 
they are fastening J-M Asbestocite* Sheets over J-M Zerolite* Insulation 
J-M 85% Magnesia Insulation is also widely used for this type of equipment 


He is your J-M Insulation Contractor...the man with 





the world’s most complete insulation engineering service 


“Insulation is no better than the man 
who applies it.” Today, with rising 
fuel and maintenance costs, it is espe- 
cially important to place your insula- 
tion job in skilled hands. The scientific 
application of J-M quality insulations 
by J-M Insulation Contractors will as- 
sure you of the maximum return on 
your insulation investment for years 
to come. Moreover, you get undivided 
responsibility for a// your insulation 
requirements 


1. You get dependable materials — 
Johns-Manville manufactures a com- 
plete line of insulations for every serv- 
ice temperature from nus 400F to 
plus 3000F. From them your J-M Insu 


lation Contractor can select the right 
insulation for the most dependable 
service on your job. To develop new 
and improved insulation materials 
Johns-Manville maintains the J-M Re- 
search Center — largest laboratory of 
its kind in the world. 


2. You get dependable engineering 
—For 95 years Johns-Manville has 
been accumulating insulation engi- 
necring experience. J-M_ Insulation 
Engineers are called upon to solve in 
sulation problems of every type and 
magnitude, in every industry. Since 
your J-M Insulation Contractor works 
closely with J-M Insulation Engineers 
he brings to every job a high degree of 


training, skill and experience 

3. You get dependable application 
—Johns-Manville has set up a nation- 
wide organization of J-M Insulation 
Contractors to serve you. These Con- 
tractors maintain staffs of insulation 
engineers as well as skilled mechanics 
thoroughly trained in J-M’s proved ap 
plication methods, You can have abso- 
lute confidence in their ability to apply 
J-M insulations correctly for trouble- 
free performance 

For further information and the 
name of your J-M Insulation Contrac- 
tor, write Johns-Manville, Box 60, 


New York 16, N. Y. In Canada, JM 
Y 


199 Bay St., Toronto 1, Ont. 


Johns-Manville Firsrin INSULATION | 








MATERIALS 
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For this Midwest power station, Westinghouse induced draft (center) and forced draft 


(right) fans move a total of 92,500,000 cubic feet of air and gas every hour, every day 


8 All-Weather Westinghouse Fans, 
Supply Mechanical Draft to 


Meramec Station of Union Electric 


Air-cooled bearings, welded steel 


construction resist elements 


Eight Westinghouse Turbovane me- 
chanical draft fans with vane control 
supply draft to the two boilers of the 
Meramec Station of Union Electric 
Company located in St. Louis, Mo. In 
stalled outdoors where they are exposed 
to the varying elements, these fans per- 
form their part of a vital power-generat- 
ing job with only routine maintenance 
Four of these fans are Turbovane 
forced-draft type arranged double 


width, double inlet. The other four are 


Turbovane induced-draft fans with ra 
dial-tipped blades and erosion-resistant 
wheels. Vane control on all fans allows 
instantaneous regulation of air volumes 
to meet changing steam demands 

For power generation—or for any other 
air handling job—check on Westing 
house-Sturtevant apparatus today, Let 





the industry's most complete air han- 


Located at the heart of power generation at Vera 


dling line put air to work for you 


mec, four Westinghouse forced draft fans supply 
efficiently, economically. Call the West- VI 


150,000 cfm each, at 11.3 inches water gauge while 


inghouse-Sturtevant specialists located operating at 1180 rpm, These are teamed with 
in your area or write: Westinghouse four Westinghouse induced draft fans handling 
Electric Corporation, Sturtevant Divi- 235,500 cfm each, at 277°F and 17.1 inches water 
sion, Hyde Park, Boston 36, Mass. gauge while operating at 700 rpm. 


WESTINGHOUSE AIR HANDLING 
ee you Caw Be SURE...1F i1s Westinghouse — — - , 
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You can’t weigh coal 

in any scale until you 

get it through the inlet. 

Richardson engineers 

have concluded that the 

only sure way to keep wet, fine 

coal flowing—without shakers or 

vibrators—is to make that inlet BIG ENOUGH. 

So they opened up the “wasp waist” to a full 24” x 24”, and 

around it they built the best coal scale it was possible to 

develop from fifty years’ experience, the Richardson H-39. 
If you're interested in maximum coal scale efficiency at 

wholly reasonable cost, specify a 24” x 24” minimum, and 

know that your coal will flow. That is the starting point from 

which the H-39 is soundly engineered in every feature, every 

detail. It’s built as a coal scale should be, from the inside out, 

with a full 4 square feet of inlet. Get all the details, mechanical 

specifications, and drawings in Bulletin 0352. 


RICHARDSON SCALE COMPANY 
Clifton, New Jersey 


Atlanta * Boston * Buffalo * Chicago 
Detroit * Houston * Memphis * Minneapolis 
New York * Omaha * Philadelphia * Pitts- 


burgh * Sen Francisco * Wichita * Montreal 
oreo + Son don + Havana * Mexico City 
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DUAL CONTROL means ECONOMY 


with NATIONAL AIROIL Universal Registers 
AND TYPE ‘‘S-A-L”’ OIL BURNERS 


.. and economy means that you get better performance 
with NATIONAL AIROIL Universal Registers be- 
cause they have a dual feature for controlling air 
volume independent of turbulence. Air vanes can be 
instantly reversed to change direction of turbulence 
while air volume is separately regulated by a refractory 
faced disk control. Both adjustments can be made 
while the Type “S-A-L” Oil Burner is firing. 

Another “dual advantage” of NATIONAL AIROIL 

Universal Registers is that they are equipped for dual 
fuel firing of gas and oil. 

Universal Registers with Type “S-A-L” Burners are 
available in three (3) sizes .. . capacities up to 60,000 
lbs. of steam produced per burner per hour. Write for 
Bulletin 51. 


NATIONAL A/ROIL BURNER INSTALLATION « 


BRITISH AMERICAN O/4 COMPANY ll 
“205 


NATIONAL AIROIL BURNER CO., INC. 


1310 EAST SEDGLEY AVE., PHILADELPHIA 34, PA. 
Southwestern Division: 2512 South Boulevard, Houston 6, Texas 


INDUSTRIAL OIL BURNERS, GAS BURNERS, FURNACE EQUIPMENT 
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Florida Power and Light Co. 


will increase capability of 


CUTLER plant to 375 Mw... 


— r 6 


and 135,000 kw Unit #6 

will be served by an I-R 

65,000 sq. ft. surface condenser 
only 14’ 8” high! 


To keep pace with the ever-growing load demands 

of Miami and its surrounding resort area, Florida 

Power and Light Company is engaged in a construc 

tion program that will bring its total generating 

capability to over one-million kilowatts by 1956. 
The Cutler Plant's capacity will be increased to 

375,000 kw when Unit #6, rated at 135,000 kw, 

goes on the line in 1955. 
As illustrated above, the condenser for the sixth 

unit at Cutler shows what can be done 

to reduce basement height and still 

retain the advantages of conventional 

condenser arrangement. This 65,000 


4.71 


‘ 


sq. ft. unit only 14’ 8” high embodies the same 
basic design features that have earned Ingersoll- 
Rand surface condensers their enviable reputation 
for performance. 

Flexibility in design, as exemplified by this instal 
lation, is our forte. Your station layout problems 
can be met in 


manner if you'll call in Ingersoll-Rand surface con- 


a similarly efficient, economical 


denser specialists. 


Ingersoll- -Rand 


11 Broadway, New York, N. Y. 


PUMPS . COMPRESSORS . VACUUM EQUIPMENT . AIR & ELECTRIC TOOLS ° GAS & DIESEL ENGINES 
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Now watch combustion conditions 
every minute of the day 


... with RCA 
Industrial TV 


With RCA's new water-cooled win- 
dow you maintain continuous ob- 
gervation of flame conditions and ig- 
nition—at the control panel—24 hours 
a day. High-detail picture eliminates 
the need for periodic observation of 
furnace and checking burner operation. 


Water-cooled window can be in- 
stalled at top of furnace to observe 
tangential firing—in side of furnace 
to observe direct firing. High-capacity 
blower and pump unit can serve two 


windows 


Hans's THE ANSWER to continuous, low-maintenance, 
fail-safe observation of furnace conditions... high-detail 
RCA Industrial TV (ITV-5A) and the new RCA water- 
cooled window. 

By using a high-efficiency circulating system, RCA 
has reduced lens temperatures at the camera below 
120° F —for stable, dependable camera operation. 

The RCA Industrial TV water-cooled window is a 
reliable tool for use by your operators for continuous 
remote observation of combustion conditions. RCA 
now offers this new revolutionary equipment as a com- 
plete, engineered package to power plants—plus instal- 
lation and maintenance service. 

FOR INFORMATION on RCA Industrial TV (Type 
ITV-5A), write Radio Corporation of America, Dept. 
I-188, Building 15-1, Camden, New Jersey. 





IMNOUSTRIAL PRODUCTS 


RADIO CORPORATION of AMERICA 


SHOIMEERING PROOUCTS CAMDEN, H.J. 


in Conede; RCA VICTOR Compeny Limited, Mentreel 
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Exceptional Fan Equipment 
distinguished by: 


1. High efficiency characteristic. 


2. Rugged, tight construction. 


3. Three interchangeable wheels — each 


with radial blades. 


4. Large size range — 11” through 60” 


inlet diameters. 


5. Pressures to 18” SP; volumes to 


130,000 CFM. 












inlet edjacent 
te wheel is 
shaped te pre 
mote efficient 
stable perform 
once 








Wheel blades 
are designed for 
minimum shock 


lors 











You can Rely on... 


LARAGE Aaa 


Conditioning Equipment 





TYPE XL 





Heavy steel plate housing 
features a tight, continuously 
welded construction at the 


scroll 





Housing scien- 
tifically propor- 
tioned to mini- 
mize losses and 
maintain high 


fan efficiency 














Adjustable to any of eight 
standard discharges by merely 
removing tap bolts on each side 
and rotating the housing be- 
tween the sidepiates 





typical of the smaller 


charge Larger sizes 





the foundation line 


Send for Bulletin 702 


A new, modern design offering many 
distinct advantages! 

Clarage Type XL industrial fans are par- 
ticularly well suited for diversified air and mate- 
rial handling applications. You'll profit from the 
high efficiency, in-the-field adaptability, and 
numerous other features of this exceptional fan 
equipment. 

Learn more about these distinguishing 
features by requesting Bulletin 702, or contact 
ing the necrest Clarage application engineer 
ing office. 


CLARAGE FAN CO., Kalamazoo, Mich. 


Headquarters for 
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Type XL fons shown here are 
which provide universal dis 


reinforced sheet steel and base 
angle construction extending to 








Cr ALCL 
One of a Series Assure 
CLEANER BOILERS 
at LOWER 
cOsT 






ADJUSTABLE 









PRESSURE 











CONTROL 





When it is necessary to reduce blowing medium pres- 








sure to proper blowing range, the Diamond Adjustable 


Aa Pressure Control device offers the utmost in economy, convenience, accu- 





(| an oT 








racy and dependability. It is fully effective even at very low flow rates. 


Adjustment is readily made without removing the valve or opening 
flanges. Simply take out the plug and insert a screw driver; use the 
serrations on the control disc to screw it up for higher blowing pressure 
... down for lower pressure. Full valve opening is always maintained 
thus avoiding wire drawing. Throttling is at the back seat so that the 
main seat is spared this damaging action. No orifice is needed in the line. 

Diamond Medel |R The Adjustable Pressure Control is one of a number of features of 
Shon te’ Diamond Blowers which provide better boiler cleaning at lower cost. 
It is standard on Models G9B, IR and IK. Write for Bulletins, 





DIAMOND POWER SPECIALTY CORP. 


LANCASTER, OHIO 
Diamond Specialty Limited, Windsor, Ontario 












Diamond Mode! G98 
Automatic Valved Blower 









Diamond Model IK 
Long Retracting Biower 











B. F. SHAW CO. 
WILMINGTON, DELAWARE 
LOCAL UNION NO. 60 























This Union label is your guarantee that men who know piping fabrication— 
skilled workers—have produced a finished product that gives you lasting, 
trouble-free performance. When you buy Shaw fabricated piping it bears 
this seal—your assurance that through every step of the fabrication 
production line experienced and well-trained journeymen in the building 
trades have worked with modern equipment, using modern methods in 
a modern Union shop. Whether you buy one piece of piping or a complete 
plant installation, Shaw identifies your project with this label. Avoid 


troubles; buy quality and value—buy from Shaw. It pays—all ways. 





BENJAMIN F. SAW company - WILMINGTON - DELAWARE 








Piping Fabrication and Installation Since 1893 





